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puts the “safety” in safety controls 


Without CONSTANT VOLTAGE protection, this self- 
sustaining link in the chain of relay points that chart 
the nation’s airways, could not successfully perform its 
safety function. 


It is remotely located, at times almost inaccessible to 
service personnel and solely dependent on local power 
service. Were it not for a SOLA Constant Voltage Trans- 
former, its delicately engineered electronic and radio 
equipment would be constantly at the mercy of periodic 
and unpredictable surges or low voltage levels. 


Throughout the entire cross-country system SOLA 
Constant Voltage Transformers maintain operating volt- 
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Transformers for: Constant Voltage * Cold Cathode Lighting + Airport Lighting « Series Lighting + Fluorescent Lighting « 


ages at a constant, predetermined level and the nation’s 
air-men fly their courses with confidence. 


If you are building electrically energized equipment to 
operate at precise voltage levels, remember this: it ts 
more economical to include Constant Voltage protection in 
your design than to install it later as a remedial measure. 


31 standard types 
of Sota Constant 
Voltage Trans- 
formers available 
in capacities rang- 
ing from 10VA to 
15 KVA. 


Revised Bulletin ACV-102 


available on request. 
Write for your copy. 
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S FE p T E M B E R The Cover: Steam turbine rotors being assembled in the Allis Chalmers Company plant, 
Milwaukee, Wis. This is one of the many interesting manufacturing processes included in the 
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construction. . 


Takes cables up to 2%" diameter. 
Distinct calibrations—easy to read. 
Suitable for 50-70 cycles. 


RANGES: 0-10 amps; 
0-25 amps; 0-100 
amps; 0-250 amps; 
0-1000 amps; 0-150 
volts; 0-600 volts. 


For current measurements, simply 
set selector switch to the required 
ampere range, press trigger open- 
ing the core and clip the instru- 
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An immediate amperage reading 
can be taken without interruption 
of the circuit. For voltage readings, 
connections are made to the termi- 
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HIGHLIGHTS........ 


Frequency Change. Shifting the fre- 
quency of a large power system from 50 
cycles to 60 cycles means far more than 
simply speeding up the generators, involv- 
ing as it does, everything from possible 
“‘creep”’ in turbine blades because of greater 
centrifugal forces to the hundreds of 
thousands of electric clocks in the homes of 
700,000 customers. However, with proper 
planning, two years of work, and $35,000,- 
000, the Herculean task can be accom- 
plished (pages 866-87). 


European Engineering Practices. 
Power generation, transmission, and protec- 
tion as engineered in Europe are described 
and compared with American practices. 
The authors speak from personal experi- 
ence with a European electric equipment 
manufacturing company (pages 835-42). 


New Method for Determining Synchro- 
nous Reactance. Of particular interest to 
students and instructors of electric ma- 
chinery, a novel method of measuring the 
direct and quadrature synchronous react- 
ances of a salient pole synchronous ma- 
chine is presented. This modified slip test 
permits a detailed investigation of machine 
constants under more reliable conditions 
than provided by previous methods (pages 
(890-2). 


Measurements. Quantities to be meas- 
ured and devices for measuring them may 
be analyzed and tabulated in such a way as 
to aid in the selection of suitable devices 
(pages 849-59). 


Health Physics Fights Radiation Hazards. 
The tenth article of the series developed by 
the AIEE nucleonics committee discusses 
the methods employed by an atomic power 
laboratory to prevent injury to personnel 
and the possible effects of overexposure to 
ionizing radiations (pages 884-90). A con- 
solidated pamphlet of reprints including the 
entire series will be available to interested 
readers upon completion of the series. 


Aircraft Safety. By summarizing the con- 
flicting points of view expressed at the 1947 
winter general meeting’s conference on air- 
craft safety, this article serves both as a 
résumé for those not present at the confer- 
ence and as a quick reference for those who 
were (pages 907-4). 


Network Theory. The growth of network 
theory falls into three phases; a decade of 
infancy, a decade of adolescence, and a 
decade of maturity—which is reviewed in 
this article (pages 895-9). 


Starting Devices. A review of the opera- 
tion of five starting devices—one of them a 
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new phase-angle eddy-current action re- 
lay—is given. Also a description is given 
of the characteristics of a single-phase induc- 
tion motor of the split-phase or capacitor- 


start type as influenced by each device (pages 
862-4). 


President’s Message. Outlining some of 
the problems that need consideration at 
the beginning of the Institute year, Presi- 
dent E. S. Lee presents his second message 
to the membership in this issue (page 909). 


Middle Eastern District Meeting. The 
program of the Middle Eastern District 
Meeting which is to be held in Washington, 
D. C., October 5-7, 1948, promises to be an 
interesting one. The program including 
inspection trips and other activities appears 
in this issue (pages 970). 


Midwest General Meeting. Plans for 
the various activities scheduled for the 
Midwest general meeting to be held in 


“Milwaukee, Wis., October 18-22, 1948. 


are Outlined in this issue. The technical 
program, inspection trips, entertainment, 
sports, and women’s program are covered. 
The full technical program is scheduled 
for publication in the October issue (page 
972). 


Rectangular Hysteresis Loops. Certain 
magnetic materials may be treated in such 
a way as to have rectangular hysteresis 
loops. ‘The first practical applications to 
electrical apparatus of this unusual prop- 
erty have begun, and many more are 
expected, particularly in saturable devices 
and equipment operated at high flux 
densities, as the full significance becomes 
appreciated by designers ( pages 843-5). 
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Digests and Abstracts. As usual, a num- 
ber of one-page digests appear in this issue. 
With the exception of two from the North- 
eastern District meeting ( pages 848 and 893), 
all are digests of papers presented at the 
summer general meeting (pages 846, 847, 
860, 861, 865, 882, 883, 894, 900, and 906). 
One-page digests were not received for a 
few of the summer meeting papers. These 
are being presented in abstract form in this 
issue ( pages 907-8). 


Section Operation and Management. 
The problems of section operation and 
management were discussed at some length 
during the summer general meeting in 
Mexico. Such topics as the model Section, 
establishment of an international Section 
at Niagara Falls, bylaw changes, and 
women’s auxiliaries, were discussed ( page 
915). 


Sightseeing trips to points of interest 
such as these are scheduled during the 
Middle Eastern District Meeting, in 
Washington, D. C., October 5-7, 1948. 
Shown here is the Washington monu- 
ment with a portion of the Pan Ameri- 
can Union gardens in the foreground 


Correction. As a result of printer’s errors, 
Doctor Harvey N. Davis was referred to 
incorrectly as Harry N. Davis in two 
places in the August issue of ELECTRI- 
CAL ENGINEERING; in the byline to 
his article, ‘“The Engineer’s Part’? (pages 
727-33), and in the table of contents refer- 
ence to the same article. 
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TELEPHONE CABLES 


Lead makes an excellent sheath for 
telephone cables—sixty years and 
thousands of miles in service have 
well proven that. But lead is useful 
in other ways—storage batteries and 
paint, to name only two. So the 
telephone industry shares the lim- 
ited available supply with other 
claimants. 

Before the war when there was no 
lead shortage, Bell Laboratories en- 
gineers sought to develop better and 
cheaper cable sheaths. An ideal 
sheath is strong, flexible, moisture- 
proof, durable and must meet specific 
electrical requirements. No single 
material had all those virtues, so 
thoughts turned to a composite 
sheath, each element of which should 
make a specific contribution to the 
whole. 

Various materials and combina- 
tions were studied. Desirable com- 
binations that satisfactorily met the 
laboratory tests were made up in 
experimental lengths, and spent the 
war years hung on pole lines and 
buried in the ground. After the war, 
with an unparalleled demand for 
cable and with lead in short sup- 
ply, selection was made of a strong 
composite sheath of ALuminum and 
PolyETHylene. Now Western Elec- 
tric is meeting a part of the Bell 
System’s needs with “ALPETH” 
sheathed cable. 

Meeting emergencies—whether 
they be storm, flood or shortage of 
materials —is a Bell System job in 
which the Laboratories are proud to 
take part. 
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ENERAL European elec- 

trical engineering prac- 
tice differs in several respects 
from American because of 
the individual approach to 
electrical problems taken by 
the founders of the science of 
electrical engineering. The 
choice of 50 cycles per second 
as the standard industrial 
frequency in most of Europe 
and 162/,; cycles per second (one-third of 50 cycles) as 
the standard low frequency is only one example. It is 
impossible to say whether the choices made are considered 
unfortunate ones which must be endured or whether they 
are favored actually at the present time. (In the United 
States, 50 cycles gave way to 60 cycles and two phase to 
three phase although there are some installations still re- 


struction of Europe. 


M. J. DeLerno and F. V. G. Bird are electrical engineers with Ateliers de Construction 
Oerlikon, Zurich, Switzerland. The sections on electric railroad engineering and 
relay engineering were prepared by Bird, the others by DeLerno. DeLerno, an Ameri- 
can engineer interested in European practices, has spent a year studying the domestic 
and export practices of this company. Bird, an English engineer, has been employed 
in an engineering capacity on the railroads of England and France, has been associ- 
ated with the British electric transmission networks, and has worked for a manufac- 
turer of electric equipment in Great Britain. 


The headpiece shows the machine room of the La Dixence power station, Wallis, 
Switzerland. Total generating capacity is 194,500 kilovolt-amperes; speed, 500 rpm; 
height of head, 5,750 feet. This is the largest high-head development in Europe. 
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The interest of both European and American 
engineers in the engineering practices of the 
other group has been intensified by the part 
American engineers will play in the recon- 
Both authors have studied 
the engineering techniques in the various 
European countries and in the United States 
and are well qualified to summarize the differ- 
ences which exist. 
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maining in the old categories.) 
At the present time serious 
consideration is being given 
in Europe to the solid ground- 
ing of the neutral of trans- 
mission systems above 220 ky, 
whereas up to the present 
time all transmission has been 
carried out ungrounded. 
These two facts indicate pos- 
sible changes had it been felt 
that the principles inaugurated by the founders of electrical 
engineering had been sufficiently disadvantageous. 

In addition to different frequency standards, the lowest 
distribution voltage is different. The value is 220 volts, 
single phase, and 380 volts, three phase. In some coun- 
tries the distribution system neutral is grounded while in 
others it is left ungrounded, provision being made to pre- 
vent dangerously high line-to-ground voltages through 
spark gaps. The neutral point of the transmission and 
generating systems remains ungrounded in all major Euro- 
pean countries but Great Britain. This ungrounded neu- 
tral gives rise to certain problems not encountered on 
grounded systems. 

Power-system interconnection between different countries 
has not existed to an appreciable extent up to the present 
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time. Total system capacity in each country nowhere 
approaches that of the United States so that problems intro- 
duced by this large capacity such as circuit breaker interrupt- 
ing capacity and system stability are not as great. Light- 
ning phenomena recurs less frequently in Europe, although 
it presents greater problems when it occurs because of the 
ungrounded systems. 

Mass production techniques do not exist to an extent 
comparable to those in the United States. Because of this, 
more custom-made equipment is manufactured involving 
special engineering principles. Products not manufac- 
tured in the United States because of their applications to 
relatively few uses still are produced in Europe. The part 
played by electronics in industrial processes has not been 
developed to such a great extent in Europe so that special 
mechanical and electric devices have been produced to per- 
form these functions. These devices usually show good 
engineering thought and development but in many cases 
are more costly than a similar device produced electroni- 
cally. Again it is impossible to trace the reason for this 
trend, although it is believed to be more a result of an 
insufficient number of electronic parts manufacturers than 
of a prejudice on the part of engineers to use anything which 
operates electronically. 

The most annoying problem with which the European 
electrical engineer engaged in the design of equipment for 
export must contend is that of standards. Those engineers 
in the United States who feel that fire codes, state codes, 
Underwriters specifications, and American Standards 
Association standards are an unnecessary duplication of 
codes cannot appreciate the problems of design connected 
with a series of standards different in requirements for the 
same components or for similar performance. Each 
country has its own code in addition to the International 
Electrotechnical Commission Code to which the manu- 
facturer usually must conform. This necessitates rating a 
single piece of equipment for different values, depending 
upon the country for which it is destined. It is difficult to 
say which standard is most severe because each standard 
has its own particular section on which great stress is placed. 


MOTOR AND GENERATOR ENGINEERING 


In Europe, the ratio of hydraulically-produced power to 
steam-produced power is considerably greater than in the 
United States. Although the locations of the chief sources 
of water power are in Norway, Sweden, and Switzerland; 
France, too, has sizeable water power resources. The 
majority of these sources of energy are available as high-head 
low-volume sources, so that it is normal to use a Pelton 
impulse turbine or a Francis reaction turbine as a: prime 
mover. Because these turbines are designed for relatively 
high speeds, it is necessary that the alternators be designed 
for high-speed operation as well. Instead of attaching the 
rotor poles to cast spiders, as is the usual construction for 
low-speed units, these high-speed rotors are usually of built- 
up construction, thus ensuring greater strength to withstand 
the large centrifugal forces present. These high-speed 
units are constructed for both vertical and horizontal instal- 
lations, the Pelton wheel being quite suitable to horizontal 
mounting. The headpiece shows the horizontal Pelton- 
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wheel installation in the LaDixence power station in Switzer- 
land, the largest high-head development in Europe. There 
are, of course, several low-head high-volume developments 
throughout Europe and, in general, these alternators are 
designed along the same lines as in the United States. 

In the steam turbogenerator field, the use of hydrogen as 
a cooling medium for the generator has not been employed 
in other than experimental units. Only a few such units 
exist and progress in this field is slow. Closed-cycle and 
open-cycle air cooling are the normal methods of cooling in 
use. As is the case with the high-speed hydraulic rotors, 
the present tendency is to construct turborotors of built-up 
construction, eliminating the through shaft, and instead, 
bolting the shaft ends to a built-up body. Greater stresses 
can be allowed without the danger of failure which is 
present in cast rotors. 

Field excitation and supression systems follow the same 
pattern as in the United States. Exciters are built with 
special magnetization characteristics to permit smooth 
changes in voltage and these exciters usually are mounted 
on the prime-mover shaft. Stator or rotor skewing to 
minimize magnetic-reluctance variation is the accepted 
practice. Alternators are designed to produce various 
rated voltage levels, the highest voltage levels being about 
33 kv in Great Britain and 25 kv in Germany. 
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Figure 1. Tap-changing transformer of 30,000-kva capacity 


There are 32 available voltage taps ranging from 116 to 160 ko 
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Industrial-type motors are of diversified types. Instead 
of calling upon several standardized types to fill all applica- 
tions the tendency is to construct a specialized unit for a par- 
ticular or unusual application. The brush-shifting shunt 
commutator motor or Schrage motor is very popular and is 
built in sizes up to and greater than 200 horsepower. This 
motor satisfies those variable speed applications where a 
thyratron-controlled d-c motor would be used in the United 
States. Remote control of the brush-shifting gear is ac- 
complished with a servomotor and its associated control. 
The synchronous-induction motor also finds several uses 
where high starting torque and low inrush current are re- 
quired but where synchronous motor operation under nor- 
mal conditions is desired. Air-compressor and cement-kiln 
drives are two applications using this type of motor. 
Double squirrel-cage motors are used also where high start- 
ing torque is required. Wound-rotor induction motors 
used for high starting torque duty with constant speed 
operation usually are fitted with combined rotor short- 
circuiting device and brush lifting mechanism. The short- 
circuiting device rotates with the rotor and can be operated 
externally to short-circuit effectively the rotor internally, 
thus making it possible to lift the brushes under rotor- 
short-circuited or normal operating conditions. Induction 
motors requiring low starting current usually have both 
ends of each phase brought out so that the motor can be 
started in Y and switched to delta after reaching near-oper- 
ating speed. This method is preferred to compensator or 
primary resistance start where current inrush must be 
limited. 


TRANSFORMER ENGINEERING 


The principal difference between European and Ameri- 
can practice occurs in the application of transformers to 
electric systems. The percentage of single-phase trans- 
formers produced is relatively small—its use in 3-phase cir- 
cuits is restricted to the very largest sizes where 3-phase 
transformers would be too large. Core-type 3-phase trans- 
formers are used almost exclusively in the ungrounded 3- 
phase networks of continental Europe. The Y-to-Y con- 
nection with 4-wire secondary is usable with 3-phase core- 
type transformers if only a small (several per cent) line-to- 
neutral load unbalance exists because of the almost com- 
plete elimination of third harmonics in the line-to-neutral 
voltage as well as the slight shift of the neutral point. The 
lower phase voltage and higher phase current of this con- 
nection provide conditions favorable to sound construction 
and more economical manufacture. Use is made also of 
the Y-to-zigzag connection for cases involving serious line- 
to-neutral unbalance. While this connection involves more 
secondary copper than a secondary connected in Y, the 
primary requires fewer turns and hence less insulation than 
a delta-connected primary (the other feasible connection 
for a load of this type without primary neutral being A-to- 
Y). In cases involving high primary voltages and low 
power outputs, the saving in primary insulation more than 
offsets the added copper cost of the secondary. Tap- 
changing transformers find almost as many applications as 
do fixed-ratio transformers. The use of synchronous con- 
densers for voltage regulation assumes secondary impor- 
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tance to that of tap-changing transformers. In the power- 
transmission sizes, these transformers generally are con- 
structed with provisions for tap changing under load. 
Figure 1 shows a power transformer of this type. The 
short-circuiting contactors are located externally to the 
transformer, thus preventing the transformer insulating oil 
from being contaminated by carbonized oil produced by 
the arcing action of the contacts. The principal tap- 
changing contacts, which are not subject to arcing, are 
located usually within the transformer tank. The com- 
plete mechanism is motor-driven through a rotatable shaft, 
this shaft being constructed of a high-voltage insulator if 
the transformers have ungrounded neutrals. The smaller 
distribution transformers usually must be removed from the 
line before tap changing can be accomplished. Regulation 
of from plus or minus 10 to 20 per cent can be obtained with 
these transformers. Another use for these units is to control 
the flow of reactive power between interconnected systems 
while holding the voltage at a definite value. 

Noninflammable oils are used rarely in transformers of 
European manufacture. Perhaps this can be explained 
best in that the use of the unit substation at customer’s site 
is unusual. Transformers are installed in substations or 
outdoors where the danger of extreme damage from fire or 
explosion is relatively small. ‘The savings in insurance are 
not sufficiently great in these cases to justify the added ex- 
pense of this type of oil. The importance of improved heat 
conductivity is minimized because the transformer size is 
determined by the per cent losses and not by temperature 
rise. 

Impulse testing of transformers only is beginning to be 
used as a method of detecting imperfections in transformers. 
None of the various European engineering standards re- 
quire impulse testing as a standard production test for trans- 
formers. In fact, the number of impulse generators avail- 
able in Europe to test transformers is quite small. Some 
manufacturers, however, give an impulse test to each trans- 
former and others only type test with impulse voltage. 
Some engineers are opposed to impulse testing on the theory 
that it weakens the insulation against subsequent impulses 
when in service. 

The various European standards for transformers are 
about as divergent as for any other electric apparatus. 
Permissible temperature rises for transformer windings 
vary from 50 to 65 degrees centigrade for dry-type trans- 
formers and from 55 to 65 degrees centigrade for oil-filled 
types. Temperature rises of the oil vary from 45 to 55 
degrees centigrade. All of these ratings, however, are less 
conservative than present-day American (ASA) ratings. 
Insulation is of the same type as that used in transformers of 
American manufacture. The high-potential test voltage 
to which transformers must be subjected is somewhat greater 
than American standards for low-voltage windings, depend- 
ing upon the standard in question, but approximates the 
same value for high-voltage windings. 

In other respects, European transformers are similar to 
those of American design. Individual manufacturers use 
special techniques and designs for cores, placement of coils, 
and distribution of electric-field stress between windings 
and to ground. Cooling follows general practice but 
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forced oil cooling through an external water-cooled heat 
exchanger is fairly common. 


SWITCHGEAR ENGINEERING 


For the successful designing of switchgear apparatus 
adequate testing facilities are an absolute necessity. In 
Europe there are several high-power testing laboratories 
available to test circuit breakers of high interrupting capac- 
ity. As in the United States, however, the capacities of 
systems have grown to such an extent that the capacities of 
the laboratories are inadequate to make full-power tests on 
circuit breakers for these installations. In addition to field 
tests on switchgear, which is not easily arranged in Europe, 
a concentrated effort is being made to develop simulated 
tests which will correspond to actual load conditions but 
which will be within the power range of the testing labora- 
tories. The co-ordination of this work is being discussed on 
an international scale by CIGRE (International Conference 
on Large High-Voltage Electric Systems) and it is hoped 
that an international set of standards can be evolved enab- 
ling both manufacturer and purchaser to know exactly 
what the equipment will do, based upon the simulated tests. 

It is interesting to compare the thoughts of European 
engineers with American engineers on the subject of circuit 
breaker testing. Some of the points of difference are 


1. In the United States, the tendency towards restriking of the arc 
is expressed in terms of the transient rate of rise of gap voltage at the 
instant of interruption, while in Europe this tendency is expressed in 
terms of the frequency of oscillation of the gap voltage at the instant 
of interruption. 


2. In single-pole testing of 3-phase circuit breakers, it is customary 
in the United States to apply only 57.7 per cent of rated line voltage 
to one pole, whereas for the ungrounded systems of continental 
Europe, 86.6 per cent of rated line voltage is applied to one pole when 
conducting similar tests. On ungrounded systems and in certain 
cases on grounded systems when interrupting a 3-phase short circuit, 
the gap voltage of the first pole to clear the fault reaches 86.6 per cent 
of line voltage. 


3. Circuit breaker ratings usually are expressed in total interrupting 
capacity (unsymmetrical current) in the United States, while they are 
expressed in symmetrical interrupting capacity (d-c component of 
the current is removed) in some countries in Europe. 


The conversion of ratings from European standards to 
American standards is a difficult task and at best, can, be 
only an approximation of the true performance. But sucha 
conversion is necessary not only from an engineering com- 
parison viewpoint but from a sales viewpoint as well, 
especially for those manufacturers engaged in export activity 
who might be called upon to supply ratings for either sets of 
standards. 

A study of the switchgear apparatus itself discloses inde- 
pendent trends on both continents. The air-blast circuit 
breaker has been in use in Europe for many years while it 
has been introduced fairly recently into the United States. 
Axial and cross-blast types are manufactured on each con- 
tinent, but there is a preponderance of the axial-blast type 
in Europe and a preponderance of the cross-blast type in 
the United States. In the highest voltage ranges, circuit 
breakers are constructed on the minimum-oil or oil-poor 
principle rather than on the single-pole oil circuit breaker 
principle. Oil circuit breakers find their greatest use at 
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voltages below 50 kv where the volume of oil required for 
the circuit breakers is not excessive. Water circuit breakers 
in which the interruption occurs with the aid of steam 
vapor produced by the arc have been developed for voltages 
up to about 60 kv and were used to a considerable extent in 
Germany prior to World War II. This circuit breaker 
never received equal popularity elsewhere in Europe and 
probably never will be accepted for normal service. 

Circuit breaker development proceeds at a steady pace. 
Various schemes have been tried to increase the interrupting 
capacities of all circuit breakers, including multiple breaks, 
greater pressures, and new materials. Means for prevent- 
ing restriking on magnetizing-current loads with the air- 
blast circuit breaker using damping resistors and for equal- 
izing voltage distribution between breaks in series with 
capacitors are being investigated. Automatic reclosing 
studies on power systems are being undertaken constantly 
to improve system operation wherever possible. Of course 
single-pole reclosing of circuit breakers is of no use on an 
ungrounded system so is not under consideration. 

Power drives for circuit breakers are either motor-, mag- 
netically-, or spring-operated. There is no preponderance 
of magnetically-operated switchgear, and spring-operated 
driving mechanisms are quite popular, even in the largest 
sizes. Because of the large closing forces required on the 
largest circuit breakers, these spring-operated mechanisms 
are equipped with strong springs which make the drives 
quite large and intricate. Special design features must be 
incorporated to ensure satisfactory operating life because 
of the large impact forces inherent in such a system. 


TRANSMISSION ENGINEERING 


The three fundamental considerations which have been 
under investigation by transmission engineers in Europe are 


1. Higher a-c transmission voltages. 
2. System stability with long-length lines. 
3. D-c transmission. 


While the highest a-c transmission voltage in commercial 
use up to the present time throughout Europe is 220 kv, the 
subject of raising this upper limit has been under considera- 
tion for some time. Several power lines which were con- 
structed in Germany prior to World War II were designed 
to operate at 380 kv but never actually were operated at 
more than 220 kv. A major consideration at these higher 
voltages is corona loss on the line. Hollow conductors of 
sizeable diameter must be employed because of the electric- 
field distribution pattern. One method developed in 
Germany, known as the “‘Bundel-leiter’’ principle, for mini- 
mizing conductor diameter, thus permitting the use of solid 
conductors, involved the use of multiple conductors for each 
phase in a specially oriented arrangement. One form 
studied for use at 400 kv consisted of four conductors per 
phase, each of 25-millimeter diameter, located at the cor- 
ners of a square with sides of 400 millimeters. These four 
conductors were maintained in square formation by spac- 
ing frames located between 30 and 35 meters apart. Table 
I shows the comparison of corona losses between this line 
and a 50-millimeter hollow conductor line under various 
weather conditions. 
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Table I.* Corona-Loss Measurements at 400 Kv on Transmission 
Lines 


Corona Loss, Kw Per Kilometer 


Weather Bundel-Leiter Hollow Conductor 
Conditions Line Line 
Dry cere nance cin whee issn ees BOR sie toe onus hoe shee chine Sen 4.5 
A pis. ae een eee, ae Uy aces scape’ Sexe uutaassawanags oPistaaaksross.« 22 
BLN are oie: selon. Sieve eterno te etolare: fs Wreseye LB aA GGT oS A OONA Seepees eee 120 


*From British Intelligence Objectives Sub-Committee Final Report number 314, 
item 33, “The German Electricity Supply System.” 


Two general lines have been under investigation for the 
improvement of system stability when affected by long- 
length transmission lines. Earlier researches were along the 
lines of transmission-line compensation but this soon was 
found prohibitively costly with long lines. Recent re- 
searches have tended to modify the stability characteristics 
of the generator. ‘The first method is to produce a-c power 
with compensated induction generators using rotor excita- 
tion with a Scherbius-type system. Model tests have found 
it feasible to transmit power distances up to 600 miles under 
both transient and steady-state stability conditions. The 
second method calls for rapid-excitation response to normal 
synchronous generators using either series exciters with 


special features or a more complicated shunt exciter arrange- 
ment. Model tests on this system also have produced very 
satisfactory results. The second method is looked upon as 
a more satisfactory and economical solution to the problem. 

D-c transmission has been found to be applicable in cases 
of long-distance transmission only. Studies of considerable 
proportions were undertaken in Germany immediately 
preceding and during the war resulting in the construction 
of two d-c lines. Energy transmission was carried out at 
400 kv direct current with midpoint grounded. Under- 
ground cable was the carrier of the energy and rectifiers and 
inverters were the media for conversion from alternating 
current to direct current and vice versa. Opinion seemed 
divided on the use of mercury-vapor rectifiers versus the 
Marx high-pressure gas rectifier and one installation using 
each principle appeared. It seems that the operating re- 
sults obtained with the mercury-vapor rectifiers were more 
satisfactory. Sweden also has constructed a d-c transmis- 
sion line which has been just placed in operation. The 
concensus of opinion is that, despite the advantages gained 
with such a system such as lower line loss, better utilization 
factor, removal of the stability problem, possible use as a 
frequency-changer tie-in link, removal of the telephone 
interference problems, and others, d-c transmission, because 


Figure 2. Type Re ‘/; locomotive of the Swiss Federal Railway 


This unit operates at 15 kv, single phase, 16%/ cycles per second, and is capable of speeds up to 80 miles per hour 
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of its prohibitive capital cost compared with a-c transmis- 
sion (several times more costly), cannot be justified except 
in cases of long-distance transmission with the transfer of a 
very large block of power (distances above 600 kilometers, 
and powers of 500 megawatts). 


RELAY ENGINEERING 


European relaying practice differs in many respects from 
that in the United States, this being conditioned largely by 
the European practice of operating with the neutral un- 
grounded or grounded through Petersen coils. 

Germany in particular is equipped with Petersen coil 
grounding up to 220 kv, the highest voltage in use there. 
_ Because 70 per cent of the ground faults are suppressed 
successfully with this system, such a high standard of protec- 
tive-gear performance is not necessary as in systems with 
solid grounding. In other European countries grounding 
through Petersen coils is popular in the medium voltage 
ranges up to 60 kv. For higher voltages ungrounded sys- 
tems are much in vogue except in England where solid 
grounding is employed at 132 kv, the highest voltage in 
use, and resistance grounding at lower voltages. 

Distance protection of either the impedance or reactance 
measuring type is in general use for main line protection, 
usually with the normal stepped characteristic, in some 
cases as many as five steps being provided. Impedance 
starting elements are usual, although some equipments are 
started by voltage drop. 

Carrier current protection in Europe has not been devel- 
oped appreciably other than in England and France. The 
systems employed so far depend on the directional interlock 
principle, the stabilizing or locking-out signal being trans- 
mitted over the high-voltage line by the carrier equipment. 
Two systems are also in experimental operation in England 
in which the current-wave polarity at each end of the pro- 
tected zone is compared one with the other using the high- 
frequency link. One operates exclusively with electron 
tubes while the other uses a telephone-type high-speed relay 
(operating time less than one millisecond) with dry-plate 
rectifiers. ‘These new equipments give a relay time of less 
than one cycle at 50 cycles per second. On the Continent 
one firm at present is experimenting with carrier distance 
protection. The carrier equipments themselves usually 
are operated between line and ground, although line-to-line 
operation is usual in England, as it has been found to give a 
better signal-to-noise ratio with the very moderate power of 
ten watts, the maximum allowable power under the regula- 
tions of the British post office governing the use of such 
equipment. Frequency-modulated equipments are not 
used. 

A very economical form of intertripping system known as 
fault throwing is to be found in England. It is used for 
medium-voltage transformer-feeder systems where the 
transformers at the supply point are resistance-grounded 
and where no high-voltage circuit breakers are provided on 
the primary side of the transformers at the receiving end. 
If a transformer fault arises at the receiving end, making it 
necessary to trip the circuit breaker at the sending end, an 
isolator is closed by releasing a weight using an ordinary 
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trip coil, grounding one phase of the line and causing the 
sending-end circuit breaker to trip on ground leakage. 

On pilot-wire systems, intertripping is provided very 
cheaply by unbalancing the protection by potential or cur- 
rent injection, These arrangements are much used in 
England. 

High-speed neutral ammeters have been developed in 
England for insertion in transformer neutrals where solid 
grounding is employed, making the location of ground 
faults on the line directly possible by reading the neutral 
currents at each terminal station and determining the fault 
position from a graph. For line-to-ground faults the loca- 
tion may be determined to within three towers. 

Inverse-time and definite-time overcurrent relays are 
naturally similar to those found in the United States, al- 
though a special type, known as a primary relay is unusual. 
It consists of a combined series overcurrent relay and shaded- 
pole-motor timing element mounted on the circuit breaker 
bushing, all parts being alive. Tripping of the circuit 
breaker is accomplished mechanically by operating the trip 
latch from the overcurrent element through an insulated 
rod. These relays are very popular on the Continent be- 
cause of their low cost and simplicity and ability to operate 
where no tripping power source is available. 

Bus bar protection in Europe is either of the frame leakage 
or Merz-Price type, often containing check relays in the 
transformer neutrals where these are grounded. The high- 
speed relays referred to previously have been used also for 
this purpose. It now is recognized that high-speed opera- 
tion is essential for bus bar protection and relay times of one 
cycle (50 cycles per second frequency) are obtainable with 
the latest equipments. 

Pilot cable (Merz-Price) protection is general ae cable 
networks and these systems do not differ oppress from 
those in the United States. 

The use of Buchholz relays (gas-operated relays) is 
general for transformer protection. These devices which 
are not well known in the United States are connected in the 
pipe from the conservator to the transformer tank. They 
have a top float which is operated by accumulation of gas 
driving out the oil (this float usually sounds an alarm) and a 
main or surge float which is operated by a transient surge of 
oil past it. The main float trips the necessary circuit 
breakers to protect the transformer. Any type of fault, 
winding or iron, is covered by this device, as well as incipient 
faults which are detected more rapidly than by any other 
system. Merz-Price protection is also in use but has de- 
creased in popularity because of the difficulty in making it 
stable under unsymmetrical switching inrushes. Special 
winding-temperature thermometers, which are instruments 
deriving part of their heat from the oil and part directly via 
a current transformer in the load circuit, are much used to 
give a true picture of the winding temperature. A special 
form of this has been devised by the Berlin Supply Authority 
engineers. 

Generator protection is similar to that in the United 
States. On modern equipment negative-phase-sequence 
protection often is found and overcurrent relays generally 
are omitted. Generator voltage regulators are usually of 
the rolling sector type. Electronic voltage regulators are 
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not known in Europe. Automatic synchronizers are 
popular in modern continental installations. An elec- 
tronic synchronizer has been developed in France. Gover- 
nor control by frequency-sensitive relays is now in use on 
the Continent and experiments are being made with gover- 
nor control by wattmeter relays which can be used to hold 
the load at a constant figure on a specified interchange 
feeder as desired. 

Modern European control rooms use indirectly illumi- 
nated mimic diagrams with shadow-type instruments built 
into the diagram in the appropriate positions. One Euro- 
pean firm offers control-room equipment of this type with 
faultproof interlocking to prevent the fulfillment of switch- 
ing operations dangerous to the equipment. Such equip- 
ment naturally is not cheap. Relays and metering equip- 
ment are installed on separate panels behind the control 
panels to give a very simple, clear, and concise arrangement. 


RECTIFIER ENGINEERING 


The use of multianode rectifiers in Europe far exceeds 
‘that of single-anode rectifiers. In fact, several manufac- 
turers limit themselves exclusively to the manufacture of the 
multianode type, concentrating their efforts on the reduc- 
tion of the anode-cathode drop so as to compete with the 
single-anode type in over-all performance. It is thought 
that the backfire rate of multianode rectifiers has been re- 
duced to such an extent using improved design techniques 
and accurate control of the manufacturing processes that its 
rate compares favorably with that of the single-anode type. 
Because of the scarcity of raw materials in Europe at the 
present time, the advantage of less material being used in 
one multianode tank as compared with many single-anode 
tanks is an important consideration. ‘The glass-bulb recti- 
fier still is manufactured and continues to be sold in Europe. 
The newest developments under way involve the use of 
better gas seals, thus permitting the manufacture of steel 
tank ‘“‘pumpless” rectifiers, air cooling using forced-draft 
ventilation, especially in the smaller sizes, new transformer 
connections, and developments involving grid control. A 
few rectifier-inverter installations using the rectifier as a 
dual-purpose unit have been made on railroad installations, 
but the successes of these undertakings have not been out- 
standing. 

Because rectifier engineering is such an empirical field, 
complete agreement in principles between various manu- 
facturers is lacking. It is difficult to predict future trends 
because of this. In general it can be said that the applica- 
tions involving the use of rectifiers parallels those in the 
United States. However, the production of hydrogen 
electrolytically is widespread in Europe and requires large 
amounts of direct current (1,000-8,000 amperes) at low 
voltages (250-800 volts). Hydrogen is produced from 
the distillation of coal wherever coal would be used as a 
source of electric power because it is cheaper to use this 
method than to produce the electricity for manufacturing 
hydrogen electrolytically. It must be said, however, that 
hydrogen produced electrolytically is of the highest purity, 
a desirable feature when the hydrogen is to be used in the 
hydrogenation of fats and oils which will be distributed 
ultimately for human consumption. 
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ELECTRIC RAILROAD ENGINEERING 


All known systems of electric traction are to be found in 
Europe. Three-phase electric traction has been used 
a great deal in Italy although no additional installations 
have been made for some time, and existing systems are 
being converted to 3,000 volts direct current. Its disad- 
vantages are the complicated twin overhead transmission 
required for the two phases and the inflexibility of the 
locomotives which have a maximum of four economic 
running speeds. 


Single-phase low-frequency electric traction is prac- 
tically universal in Switzerland and Sweden and also is 
employed to a large extent in Norway, Austria, and 
Germany. Its advantages are the light catenary con- 
struction and the small number of substations required. 
All speeds are also continuous economic running speeds. 
Though considerable progress has been made in the design 
of single-phase series motors, their maintenance is still 
considerably more expensive and they are more sensitive 
than an equivalent d-c traction motor. The substation 
equipment does not differ appreciably from similar 50-cycle 
substations. 

Modern developments in single-phase rolling stock are 
concerned chiefly with weight reduction and increased 
power. Following the example of the constructors of high- 
speed Diesel-electric locomotives in the United States, 
2-truck (By -+ Bo) locomotives now are being built for 
high-speed operation, some of which are of very high power 
and low weight, namely, Bern Lotchberg Simplon Ae‘/, 
locomotive with a one-hour rating of 4,000 horsepower and 
having a total weight of only 80 metric tons, and the Swiss 
Federal Railway Re*/,(By+-By) locomotive with a one-hour 
rating of 2,400 horsepower and having a total weight of 
only 56 metric tons (see Figure 2). These two locomotives 
are suitable for operation up to 80 miles per hour. The 
motors are mounted directly in the bogies and drive the 
axles via quill-drive systems. The one in the BLS loco- 
motive uses a new type of spring-disk coupling requiring 
no lubrication. Other features are transformers with 
radially laminated cores and pneumatic thrustor devices 
pressing on the trucks when starting under different condi- 
tions to minimize the effect of weight transfer. The high 
power ratings of these modern locomotives results in part 
from the fact that these railways which previously rated 
their traction motors on the AIEE rules for stationary plant 
with a-75 degree-centigrade rise in temperature now follow 
the IEC rules permitting a 125 degree-centigrade rise, 
thereby increasing the motor output by 40 per cent. Most 
modern European single-phase locomotives for use in 
mountainous countries either feature regenerative or resist- 
ance braking. 

D-c traction is employed in England, France, Holland, 
Italy, and Spain with voltages from 650 to 3,000 volts. 
These systems require more substations than the single- 
phase system but, thanks to the mercury-arc rectifier, 
these substations can be arranged very simply as unat- 
tended plants for automatic or remote control. 


In 650-volt d-c traction, which appears only in England 
as third-rail traction, a new type of flywheel-booster loco- 
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motive of Cy+C) wheel arrangement has been developed 
for passenger and freight service on the Southern Railway. 
This locomotive possesses the necessary flywheel effect 
to enable it to cross the largest conductor-rail gaps with 
the heaviest trains without the necessity of a train line and 
additional collector shoes on the train. All notches on 
this equipment are running notches. The London Trans- 
port System, also a 650-volt d-c conductor-rail system, 
has placed in service a number of multiple-unit trains with 
Metadyne control for notchless acceleration. Each Meta- 
dyne supplies four traction motors mounted on the cars. 
The Metadyne, is, in principle, a rotating single armature 
converter transforming constant voltage input into constant 
current output and also permits regeneration down to rest. 

The French railways, which are electrified using the 
1,500-volt d-c overhead system also have built some 
Metadyne shunting locomotives. They also have built 
some 2D 2 express locomotives with the individual driving 
axles interconnected by gearing to avoid slipping. In 
one case the arrangement is such that six motors drive four 
axles, each group of three motors being geared to two 
axles. This gives the advantage of better spacing of the 
speed curves for each motor grouping. They also operate 
a large number of 2D,2 4,000-horsepower express loco- 
motives with compensated motors, permitting field weaken- 
ing down to 25 per cent of full field, thus giving a very 
large number of running speeds. Most of their express 
locomotives feature regeneration, the traction motors 
being separately excited by heavy-current motor-exciter 
sets embodying an automatic stabilizing feature. 

Italy and Poland have the only heavy traction in Europe 
at 3,000 volts direct current. The Italians have several 


2,000-kw mobile rectifier substations mounted on flat 
cars which can be used to reinforce or replace fixed sub- 
stations as required. They also use rectifier-inverter 
groups in the mountainous sections as the locomotives 
are equipped for regeneration. They intend eventually to 
replace all their 3-phase electrification by 3,000 volts direct 
current on the basis of the extremely good results obtained. 

The Germans also carried out an experimental 50-cycle 
per second, 20-kv electrification just before the war on 
which four types of locomotives were tried. The first 
was a normal single-phase locomotive with 50-cycle series 
commutator motors. As the rating per pole is much lower 
at 50 cycles than at 162/; cycles, two motors per axle were 
used. Two types of rectifier locomotives with full-wave 
mercury-arc rectifiers and d-c traction motors comprised 
the second and third types. The Krupp phase-converter 
locomotive made up the final type in which the conversion 
took place directly in the traction motors by means of an 
intermediate rotor located between the stator and main 
driving slip-ring rotor and energized with direct current. 

The French railways also are interested in the use of 
50-cycle traction, particularly for local lines where the 
cost of heavy traction 1,500-volt direct current equipment 
is not economically justified. They have ordered an 
experimental single-phase locomotive with 50-cycle series 
commutator traction motors and a rectifier car for attach- 
ing behind the existing 1,500-volt direct current locomo- 
tives to enable them to operate from the 50-cycle overhead 
line. This has a mercury-arc rectifier of the full-wave 
type and the necessary pantagraphs, transformers, and 
circuit breakers, and will be of sufficient rating for the 
existing French B)+B,) locomotives. 


Lightning-Proof All-Metal Cars and Airplanes 


Recent tests at the Westing- 
house lightning laboratory in 
Trafford, Pa., offer reassurance to 
those who must drive or fly 
through severe electric storms. 
Three - million - volt lightning 
strokes produced by a surge gen- 
erator were fired at a steel-topped 
automobile while one of the engi- 
neers sat at the wheel, and then 
at a model Constellation airliner. 
Both automobile and airplane 
acted as lightning-proof cages di- 
verting the heavy currents harm- 
lessly around passengers. A\I- 
though “‘lightning”’ struck inches 
above the engineer’s head as he 
sat in the car, he did not feel the 
slightest tickle. There was no 
damage to the car or the airplane 
except for a small scorched spot 
on the metal top of the car. 
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ELECTRICAL ENGINEFRING 


Special Magnetic Alloys and Applications 


G. W. ELMEN 


LTHOUGH magnetic 
materials —_ possessing 
substantially rectangular hys- 
teresis loops have been known 
for some time, only recently 
has this property been utilized 
in the design of electric ap- 
paratus. One of the earliest 
applications is for saturable reactors usedincontactrectifiers. 
These rectifiers were developed in Germany during the war 
and have been in commercial use since 1943. 

Another application of this type of material is for mag- 
netic amplifiers. Development work on these amplifiers has 
been under way for some time at the Naval Ordnance 
Laboratory. ‘The results so far obtained show that superior 
power output can be obtained when magnetic cores with 
rectangular hysteresis characteristics are used. While 
these two are the outstanding applications up to this time, 
it is believed that when the full significance of rectangular 
hysteresis loops is appreciated by designers of electric 
apparatus, many more useful applications will be found, 
particularly in the design of saturable devices and equip- 
ment operated at high flux densities. 


hysteresis loops. 


MECHANICAL RECTIFIERS 


Attempts in the past to construct mechanical rectifiers 
have been frustrated because of the difficulty encountered 
in commutation. In order to obtain satisfactory results, 
the commutation must take place while the current passes 
through the zero value. In an ordinary a-c wave the rate 
of change is the greatest at that point. As a result there is 
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Figure 1. Basic 
circuit of mechani- 


cal rectifier 
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Essentially full text of a conference paper “‘Special Magnetic Alloys and Their Applica- 
tions,” presented at the AIEE winter general meeting, Pittsburgh, Pa., January 26-30, 
1948. 

G. W. Elmen is magnetic consultant, and E. A. Gaugler is chief of magnetic materials 
subdivision, Naval Ordnance Laboratory, Washington, D. C. 
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Superior operating characteristics may be ob- no 
tained in contact rectifiers and magnetic ampli- 
fiers by the use of alloys having rectangular 
Such loops may be produced 
by drastic cold rolling and final special anneal- 
ing, or by heat treating in a magnetic field. 
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time for commutation 
without destructive sparking. 
When saturable reactor coils 
are put in series with the cur- 
rent leads, a ‘‘step”’ is intro- 
duced as the current passes 
through substantially zero 
value. This prolongs the time 
of zero current so that almost sparkless commutation can 
be obtained. It has been found that far superior results 
are obtained if these saturable reactor coils have rectangular 
hysteresis characteristics. 

A basic circuit for a 3-phase contact rectifier is shown in 
Figure 1. The saturable reactor coils are shown together 
with the windings used to aid in the development of spark- 
less commutation. 

Figure 2 shows the load current (A) when the saturable 
reactors are not in the circuit and (B) when they are in- 
cluded as in Figure 1. In the latter part the step in the 
current wave is shown. 

Figure 3 shows the hysteresis loops for two cores of the 
same material. Core A has been heat treated by standard 
methods and core B is specially processed to give a rec- 
tangular hysteresis loop. ‘The commutation takes place at 
the steep portion of the hysteresis loop. When the width 
of the loop is small the current during commutation will re- 


Figure 2. Current oscillo- 
grams 

A—Without saturable reactor. 

B—With saturable reactor using 
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Figure 3. Hysteresis loops of 50 per cent nickel—50 per cent iron 
alloy having (A) standard anneal and (B) special anneal after 
drastic reduction 
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Figure 4. Magnetic amplifier 
circuit with regeneration 


AG 


main small but not zero. In order to reduce the current 
step to zero an a-c biasing current is supplied through the 
auxiliary windings. Also, it is desirable that the vertical 
portions of the hysteresis loops be as steep as possible, and 
that they approach the saturation value. This extends the 
commutation interval and minimizes the amount of core 
material for a given rectifier. Materials which have rec- 
tangular hysteresis loop as shown in Figure 2 B fulfill these 
requirements. 

Mechanical rectifier units having d-c capacities up to 
10,000 amperes and 400 volts have been produced com- 
mercially. They are reported to have an over-all effici- 
ency of 97 to 98 per cent. 


MAGNETIC AMPLIFIER 


Development work at the Naval Ordnance Laboratory 
has shown that certain advantages in the construction of 
magnetic amplifiers are obtained by the use of magnetic 
materials with rectangular hysteresis loops. 

One type of magnetic amplifier circuit employing regen- 
eration is shown in Figure 4. Saturable transformers Ti 
and TJ; are designed to operate at the knee of the magne- 
tization curve. Because the regeneration is accomplished 
by the flow of the rectified load current through a feed- 
back winding, a d-c bias is required to minimize the load 
current at zero signal. When a signal is applied, each 
transformer is driven into saturation. This increases the 
magnetizing and load currents. 

From power considerations, it is desirable to operate at 
high flux density. The higher the density at which the 
knee occurs, the larger will be the output power capacity of 
a coil with a core of a given size. Also, in order to increase 
the amplification, the magnetizing force at the knee should 
be as small as possible. Ina material having a rectangular 
hysteresis loop, the knee occurs very close to saturation 
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Figure 6. Oscillograms showing output current of magnetic am- 
plifier 
A—Using standard core material 
B—Using rectangular-hysteresis-loop core material 


value. Because of that, the form factor of the load current 
more nearly approaches that of a sine wave. Figure 5 shows 
the magnetization curve of two nickel-iron alloy cores of 
substantially the same composition. Core B has been 
given a special treatment to produce a rectangular hysteresis 
loop while core A has been given the standard heat treat- 
ment. Figure 6 shows the current wave form for each of 
these cores, showing improved sinusoidal characteristics of 
the specially treated material. An amplifier constructed 
with identical cores of these materials delivered over twice as 
much power when core B was substituted for core A. 
Furthermore, the gain is more constant over the entire 
operating range of the amplifier as shown in Figure 7. 


RECTANGULAR HYSTERESIS LOOPS 


One method of fabricating magnetic alloys with rectangu- 
lar hysteresis loops is by drastic cold rolling and final special 
annealing. ‘This method was developed for the production 
of cores for the mechanical rectifier by the Haraeus Vacuum- 
schmelze A.G. 

The alloy consisted of equal portions of nickel and iron in 
which special precautions are taken to reduce impurities 
both in regard to those introduced by the raw materials and 
by the melting operations. By melting and casting in 
vacua and subsequent annealing at high temperatures in 
pure dry hydrogen, further purification results. By these 
methods, the oxygen and carbon content of the alloy is 
reduced below 0.01 per cent. The ingots are hot rolled 
down to 0.24 inch thick. They are reduced to final size by 
cold rolling without further annealing below 0.10 inch. This 
amounts to a 98 to 99 per cent cold reduction. The sheets 
are slit into the desired width of tape at 0.014 inch. It is 
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Figure 8. Hysteresis loops of 50 per cent nickel—50 per cent iron alloy 


Drastic cold reduction; annealed for 2 hours at (A) 975, (B) 1,100, and (C) 1,175 degrees centigrade 


claimed that if the slitting is done after the final rolling the 
magnetic characteristics are affected adversely. 

The final tape either 0.0012 inch or 0.002 inch thick is 
insulated and wound into spiral cores by standard methods. 
These cores are heat treated in hydrogen at temperatures be- 
tween 1,000 and 1,150 degrees centigrade. ‘The charge is 
loaded into a superheated furnace, held for two hours, and 
cooled rapidly. The optimum temperature is determined 
magnetically for each heat using small test samples. Figure 
8 shows hysteresis loops of this material annealed under 
similar conditions at three different temperatures. The 
alloy represented by curve C was annealed at an excessively 
high temperature and shows magnetic characteristics simi- 
lar to the standard alloy of the same composition. 

Another method of producing rectangular hysteresis 
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loops is by heat treating in a magnetic field. Published re- 
ports by Bozorth and others of the Bell ‘Telephone Labora- 
tories show that 69 permalloy and some of the perminvar 
alloys have rectangular hysteresis loops when cooled in a 
magnetic field. The result of recent tests at the Naval 
Ordnance Laboratory on the perminvar alloy containing 7 
per cent cobalt, 70 per cent nickel, and 22.4 per cent iron 
and cooled in a magnetic field is shown in Figure 9. 

Recently Doctor Mihara in Japan has found that if very 
pure silicon steel is cooled in a magnetic field, rectangular 
hysteresis loops can be obtained. He was not able to ob- 
tain a residual induction as close to saturation as is possible 
with the other alloys as shown in Figure 10. 
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CORE DESIGN 


In order to utilize these magnetic characteristics in an 
actual transformer effectively it is essential that certain pre- 
cautions be taken. Although these fundamentals are well 
known, they are not considered essential to standard trans- 
former design practice and therefore are not generally 
adhered to. It is essential that air gaps in the magnetic 
circuit be minimized in order not to shear over the hysteresis 
loop. This limits the core design to uncut wound cores or 
ungapped punchings. Although the fundamental excita- 
tion frequency may be low, the transit time during reversal 
of saturation may be exceedingly short and consequently 
the specific resistance of the material should be high and the 
material thickness a minimum. For example, in the 
mechanical rectifier operating at 50 cycles, the transit time 
was approximately one millisecond, tape thickness 0.0012- 
0.002 inch, specific resistance 45 microohm centimeters. 
Because of difficulties encountered in punching thin ma- 
terial, spirally wound cores are preferred. 

Other precautions must be taken in order to obtain a 
sharp knee in the magnetization curve. One is that the 
magnetizing force be uniform over the entire cross section of 
the core. This implies a relatively narrow annular width. 
Another is that after the final heat treatment care must be 
taken to prevent mechanical strains. ‘These cores therefore 
are mounted in annular aluminum troughs with plastic 
covers to support the windings. . 
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Electrical Progress in the Textile Industry 


F. D. SNYDER 


ASSOCIATE AIEE 


HE TEXTILE INDUSTRY, being one of the oldest of 

industries, was so highly developed mechanically when 
electricity was still in its infancy that for many years the 
industry did not use electric apparatus for anything except 
as a source of prime motive power. Within comparative 
recent years, however, developments in machinery and 
processes have been rapid. With the new machinery and 
processes it is natural that many electrical means are em- 
ployed to perform functions previously performed mechani- 
cally. There are a number of basic electric tools that are 
now employed in various combinations to get many desired 
results in machine operation and performance. It is the 
purpose of this article to list and describe a number of these 
and also to show how they are used to get improved textile 
machine performance. 

Many textile machines require controlled acceleration to 
protect the machine or to protect the material in process. 
For their normal operation, however, the motor may be a 
simple squirrel cage motor. For such applications several 
forms of starting equipment are in use. 


1. A single block of resistance is placed in the power supply line 
during the starting period. The amount of resistance can be adjusted 
to provide just the correct starting torque. On most of such applica- 
tions the control is arranged to short circuit out the resistance auto- 
matically when the motor has reached about 90 per cent of its full 
speed. Roving frames, spinning frames, twisters, and winders, are 
examples of machines using this type of starting. 


2. Some machines, as for example woolen cards, require a high 
torque applied gradually to break starting friction and then have 
comparatively slow acceleration to avoid mechanical damage to the 
machine. To achieve such results resistance-type starters are used 
which automatically build up the motor torque from a very low value 
up to a value sufficient to start the machine and then again reduce 
the torque to continue acceleration at a slow smooth rate. 


3. Controlled acceleration also may mean a very high and rapid 
acceleration such as is required on shuttle-type looms and warp 
knitting machines. For such machines a motor that has the proper 
and best characteristics to run the machine continuously does not 
have sufficient starting torque to give the rapid acceleration required. 
This has been overcome by providing a control which will connect 
the motor delta for starting and Y for running. This gives the effect 
of applying 1.73 times the normal voltage and since starting torque 
goes up approximately as the square of the voltage a very high 
starting torque is obtained. 


Many textile machines have operating requirements 
that require special motor characteristics to get best perform- 
ance. A typical example is the loom motor which must 
have a definite and proper relationship between flywheel 
effect, pull-out torque, and slip in order to run the loom 
properly and to have a motor which operates efficiently and 
with the lowest possible power input. 

Many textile machines require frequent and very rapid 
deceleration. Mechanical brakes require much mainte- 
nance and produce a harsh stop. Putting reverse power on 
the motor has definite braking torque limitations and always 
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has the possibility of actually reversing the machine. For 
quick, frequent, and rapid deceleration the scheme of apply- 
ing d-c to a-c motors is now used very extensively. This 
provides a very high braking effect and brings any machine 
to a smooth, positive stop and under no conditions can the 
motor reverse. 

For exceedingly fast stops a system of control has been 
developed which changes the motor from running with a-c 
applied to d-c applied through metallic rectifier by merely 
opening one contactor. With this scheme stopping a 1750- 
rpm motor in less than two revolutions is entirely possible, 
which is in the order of 0.06 second. It requires as much or 
more time to apply or start the braking action with me- 
chanical or a-c plugging means. 

Within recent years variable speed drives have been 
applied to many machines and processes. There are many 
types available and all have properties which make them 
the most economical for certain requirements. 


1. Slip-ring-type a-c motors. This type of motor is used extensively 
where a speed change of not over two to one is required and where 
exact speed with load variation does not have to be maintained. 


2. D-c motors of the series type with a series-type generator have 
an excellent characteristic of providing high momentary slip with 
rapid load increase and provide a smooth drive for such machines as 
the Axminster carpet loom. It also provides speed variations of ten 
to one and a simple means of getting very high dynamic braking. 


3. D-c motors of the shunt field type with variable voltage generators 
are used extensively, especially for machines and processes where two 
or more motors are run inrange. This method of drive allows the use 
of Rototrol (rotary regulator), tachometer generators, and other 
devices to maintain accurate tension or speed control between sections. 


Electronic devices just are beginning to be utilized in the 
textile industry and already are proving an important new 
tool in such applications as yarn twist setting, dielectric 
heat for drying packages of yarn, electrostatic air cleaning, 
electronically controlled beam let-off drives for looms and 
knitting machines, all kinds of low-energy drop wire and 
feeler controls for initiating action to stop a machine or 
make some transfer of action. The list of electronic ap- 
plications is growing daily. 

Electrical progress in the textile industry has been such 
that today the industry rapidly is changing from a purely 
mechanical one to an industry that uses many and varied 
electric devices to perform the delicate and intricate func- 
tions of more and more of its machines. Close co-opera- 
tion between textile mills, textile machinery builders, and 
electrical manufacturers will produce results that will make 
better textiles and textile products available to all. 


Digest of paper 48-114 “Electrical Progress in the Textile Industry,’? recommended 
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j Bee and dielectric heating have assumed in 
recent years an important position in industrial heating; 
dielectric heating more recently than induction. These 
unique forms of heating, once responsible only for power 
losses in electric equipment and machinery, offer many 
advantages over conventional means of heating by convec- 
tion, conduction, and radiation. The field of application is 
very broad because induction heating is suited to metals, 
particularly those that have a high magnetic permeability, 
and dielectric heating may be accomplished in a large class 
of thermally insulating materials which at low frequencies 
are also electrically insulating. 

Induction heating is effected simply by ohmic losses in 
the charge produced by eddy currents induced from a work 
coil receiving energy from a suitable source. The energy 
dissipated in the source may be expressed approximately by 
the equation: 


Be 8rHd? r 
(spo aad 
where 


P=energy in watts per unit length 
#Hy)=impressed magnetic field in ampere turns per centimeter 
o=conductivity of charge in ohms per (centimeter)? 
r=radius of charge in centimeters 

= depth of penetration of heating in centimeters 


The depth of penetration of the heating in the charge is 
inversely proportional to the frequency of the power source. 
The useful upper limit of frequency is limited by this fact to 
the order of a few megacycles. The particular advantages 
of induction heating over conventional methods are 


Very great speed—power inputs up to 80 kw per square inch. 
Precisely controllable. 

Differential heating possible. 

Convenience. 


Contact not necessary—continuous process. 
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Heat generated only in charge. 


These advantages make possible in many instances cost re- 
duction and quality improvement in heating operations such 


as: 

1. Melting—fiow of tinplate. 
2. Annealing. 

3. Heat treating. 

4. Surface hardening. 

5. Outgassing vacuum tubes. 
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6. Soldering and brazing. 


Dielectric heating results when a charge is placed within 
the influence of an alternating electric field. The actual 
power dissipation is produced largely by the orientation of 
the dipolar molecules of the charge in the electric field. 
For a charge of uniform cross section placed between plane 
parallel electrodes the energy dissipated may be expressed: 


E\2 
W=5/9k tan (7) Sloe 


in which 


W =heat generated in watts per (centimeter)’ 
&=dielectric constant of charge 

tan 6=dissipation factor of charge 

f=frequency of power source in cycles per second 


E 
G =voltage gradient between electrodes in volts per centimeter 


Below one megacycle the dielectric heating effect is neg- 
ligible and above 30 megacycles serious operating limitations 
are encountered so that 10-30 megacycles is the optimum 
frequency range for large-scale industrial dielectric heating. 
The outstanding advantages of dielectric heating are 


1. Rapid heating cycles—materials conventionally requiring hours 
are heated in as many minutes. 


2. Heat generated uniformly throughout volume, resulting in corre- 
spondingly uniform temperature provided certain precautions are 
taken. 


3. Precise control of heating possible. 


4. Class of materials suited to dielectric heating (electrical and 
thermal insulators) most unsuited to conventional means of heating. 


These advantages have resulted during the past ten years in 
dielectric heating becoming firmly established in plastic 
molding, plywood and furniture bonding, rubber process- 
ing, textile, and food industries. 

Certainly induction and dielectric heating should play an 
important part in the industrialization of Mexico. The 
electric power is available, or will be soon, and many of the 
industries now in existence or planned for Mexico are those 
that can employ high-frequency heating profitably. Mexico 
will have the advantage that induction and dielectric heat- 
ing equipment may be installed initially in new factories as 
they are built rather than be installed to replace and there- 
fore make obsolete conventional heating equipment, as fre- 
quently has been the case in the United States. Although 
the capital investment for induction and dielectric equip- 
ment will be greater than that required for conventional 
heating equipment, the use of the former certainly will re- 
sult in higher rates of production and improved quality 
with fewer rejects. A high level of production will allow 
product prices to be set lower than otherwise would be pos- 
sible, which in turn will tend to improve the standard of 
living throughout Mexico. 
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HE PATTERN MOSTLY USED for laying out bal- 

anced fractional-slot windings is that for maximum dis- 
tribution factor of the main wave. From this pattern, a 
large number of other balanced patterns can be obtained by 
a cyclic shifting of coils from one phase to the other inside 
the same repeatable group. The distribution factor of the 
main wave of these latter patterns is always smaller than 
that of the former pattern. The distribution factors of the 
harmonics are partially smaller, partially larger than those 
of the former pattern, so that the values of the harmonic 
(differential) leakage reactance of the different patterns do 
not differ much from each other. The advantage of the 
pattern with cyclic shift of coils inside the same repeatable 
group is that it makes possible to reduce the distribution 
factors of one or several undesirable electromotive force or 
magnetomotive force harmonics. The aim of this article is 
to show that the same effect of reduction of certain har- 
monics can be achieved by shifting of repeatable groups 
with respect to each other. This method:of reduction of 
harmonics has the advantage that it is applicable to lap as 
well as to wave windings while the cyclic shift of coils is 
limited to lap windings. Further, the shift between the 
repeatable groups, necessary to achieve desirable results, is 
seen immediately, while with the cyclic shift of coils inside 
the same repeatable group the trial-and-error method is to 
be applied. On the other hand, the shifting of repeatable 
groups reduces the maximum possible number of parallel 
circuits. 

The normal chording of a winding is nothing else than a 
shift of the lower layer with respect to the upper layer. 
When repreatable groups are shifted with respect to each 
other, the fractional-slot winding becomes doubly shifted or 
doubly chorded and two pitch factors are to be considered. 

In many practical cases, it becomes necessary to reduce 
several harmonics simultaneously. In these cases, the 
double chording and cyclic shift of coils can be combined. 

Figure 1 shows the slot-star of a 3-phase 20-pole lap wind- 
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Figure 1. 


The slot-star of a 3-phase 20-pole lap winding 
qg=N/B=17/5 
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ing with g=N/B=17/5. There are 17 slots per phase in 5 
poles. For maximum distribution factor of the main wave, 
the first 17 slots are assigned to phase A, the following 17 
slots to phase C, and the last 17 slots to phase B. The slots 
assigned to phase A are indicated by crosses, those assigned 
to phase C by rectangles, and those assigned to phase B by 
circles. 
The vectors of the slot-star follow the series 


1, 1-++d, 1+2d, 1+3d,.... (1) 
where 


feo 
B 


P is the smallest integer which makes d an integer. For the 
winding of Figure 1, d=41. With the value of d fixed, the 
slots assigned to the three phases can be determined without 
drawing the slot star. The d-series yields the following 
slots for phase A in the first repeatable group 


1, 42, 32, 22, 12, 2, 43, 33, 23, 13,3 44, 34, 24, 14, 4, 45 


There are 20/5=4 repeatable groups in the winding. 
When there is no shift between the repeatable groups, the 
following slots are assigned to phase A in the second repeat- 
able group 


52, 93, 83, 73, 63, 53, 94, 84, 74, 64, 54, 95, 85, 75 65, 55, 96 


In order to produce a shift of the second repeatable group 
with respect to the first repeatable group of, for example, 
three slot-star angles, the following slots are to be assigned 
to phase A in the second repeatable group 


73, 63, 53, 94, 84, 74, 64, 54, 95, 85, 75, 65, 55, 96, 86, 76, 66 


That is, in the second repeatable group, the first three slots 
of phase C are to be assigned to phase A, the first three slots 
of phase B are to be assigned to phase C, and the first three 
slots of phase A to phase B. The same applies to the fourth 
repeatable group with respect to the third. If in the wind- 
ing considered, for example, the 1.4th harmonic (with re- 
spect to the main wave as fundamental) is to be reduced, 
the shift of repeatable groups by three slot-star angles 
introduces for this harmonic a pitch factor which equals 
0.182, that is, the harmonic is reduced by 82 per cent. 
Because the influence of the shift of repeatable group 
appears in the form of a pitch factor, all harmonics are re- 
duced by this shift. With the cyclic shift of coils within the 
same repeatable group, a part of the harmonics is decreased 


while the other part is increased. 
Ee 
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The basic elements of any measurement system 
may be classified into three functional groups 
known as primary detectors, intermediate 
means, and end devices. By classifying the 
primary detectors for both electrical and non- 
electrical quantities, convenient selection of a 
suitable detector may be made when the quan- 
tity to be measured together with the range 
over which it will vary is known. 


N VIEW of the growing importance of measurements 
to technical progress, it is surprising that only limited 
attention has been given to a complete functional analysis 
and classification of the whole measurement field. One 
excellent step in that direction has been made. In essence, 
this consists of classifying the basic elements of any measure- 
ment system into three functional groups known as the 
primary detectors, the intermediate means, and the end 
devices.1-? These groups are shown schematically in 
Figure 1 and each group may be composed of one or more 
sets of measurement components called basic elements. 
Each basic element may operate with others in series or in 
parallel or in any complex manner. 

This article is written as the result of a more detailed 
study of the functional groups just mentioned and will 
lead to a more complete realization of the advantages 
of the over-all analysis. A method of treating and analyz- 
ing one particular group of any measurement sequence is 
presented in a novel and useful manner. ‘The first group, 
the primary detectors, is discussed in this article. This 
investigation results in a method of classification which is 
suitable for choosing the primary detector best adapted for 
measurement of a particular quantity. It serves as a guide 
toward effectual further study of obtainable accuracies 
and it indicates other detectors which might be used as 
substitutes. It also presents a standardized method of 
analyzing any primary detector, a method which will 
result in a practical understanding of both the steady 
state and transient operation of this part of the measuring 
system. 

The primary detector in a measurement system has been 
defined as the first basic element or group of elements that 
responds quantitatively to the quantity measured and 
performs the initial measurement operation. For example, 
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in a simple measurement of radio-frequency current, it 
consists of a thermocouple converter as shown in Figure 2. 
In a more complex system, the detector may be a separate 
device such as the a-c generator of a railway tachometer, 
as illustrated in Figure 3. Moreover, a primary detector 
may be a relatively simple unit such as a thermocouple, or 
more complex as in the case of a watt-hour meter 
mechanism. 


CLASSIFICATION OF PRIMARY DETECTORS 


Applications of primary detectors naturally fall into two 
classifications: (a) those used in measuring electrical 
quantities, and (b) those used in measuring nonelectrical 
quantities. Typical results of such classifications are 
shown in Tables I and II. 

These tables are arranged in a form convenient for the 
selection of a suitable detector when the quantity to be 
measured together with the range over which it will vary 
is known, since these are the first two columns in the tabula- 
tion. In using the tables it should be understood that the 
“range of measurement” applies to the order of magnitude 
with readily available detectors and may be extended 
considerably for special applications using detectors spe- 
cifically designed for such use. The range in many cases 
is shown from zero to a specified maximum and this 
indicates that instruments with scales indicating down to 
zero are available. The minimum limit of measurability 
in such cases depends on the sensitivity of the instrument 
and the allowable accuracy for the application. 

The third column of Tables I and II lists a common 
name for the detector and this is followed by the basic 
elements used in the construction of the primary detector 
in the fourth column. 

The action of the detector is described by the next three 
columns headed the input, the physical effect, and the 
output, respectively. The last column names one par- 
ticular instrument in which the application of the primary 
detector is adequately illustrated. In most cases several 
other available instruments might have been used equally 
well to show the application of the primary detector. 

A careful study of the tables together with a visualization 
of possible intermediate means and end devices will demon- 
strate the value and benefits which can be derived from 
such information. For instance, when it is known that 
accuracy requirements will dictate a servomechanical 
system, a primary detector suitable to this application can 
be selected. It is realized that the tables do not cover 
all the primary detectors used in measurements. It is 
believed that they include most of the detectors widely 
used in common applications. Undoubtedly additions to 
the tables in the future will keep them up to date with 
respect to new detectors which may be invented and also 
add to their usefulness. 
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SELECTION OF PRIMARY DETECTORS 


It has been pointed out that the headings of the first 
two columns of Tables I and II adapt them to use in 
selecting a primary detector for a specific application. For 
this reason the primary detectors used for the measurement 
of a particular quantity are grouped together. 

In preparing Tables I and II it was necessary to deter- 
mine exactly what portion of each measurement system 
should be used as the primary detector. Based on its 
definition Tables I and II are arranged to give a con- 
venient and useful classification of numerous primary 
detectors. 

An example such as the permanent-magnet moving- 
coil mechanism (Table I) illustrates a criterion for deter- 
mining which of the basic elements of a measurement 
sequence constitutes the primary detector. This mecha- 
nism basically detects current. The first complete 
measurement operation consists of the effects up to and 
including the production of torque. Thus, in a simple 
d-c ammeter the primary detector consists of the moving 
coil and the permanent magnet which together produce 
the torque. Sometimes this torque terminates in angular 
displacement of a spring controlled moving system. In 
other applications the countertorque is electrodynamic 
with no definite torque—deflection characteristic. For 
this reason the functional output of the permanent-magnet 
moving-coil mechanism is torque rather than deflection. 

This same mechanism is also useful in measuring direct 
voltage. A resistance is used in series to obtain a suitable 
current magnitude. The operation in going from voltage 
to current by means of the impedance of the resistor is 
not considered a complete operation. ‘This is a matter of 
convenience. The nature of voltage and current is so closely 
allied that the resistor together with the permanent-magnet 
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INDICATOR 


PRIMARY DETECTOR | 
THERMOCOUPLE ' 
CONVERTER 1 
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1 


BASIC ELEMENTS 


BASIC ELEMENTS 


A HEATING © - MOVING COIL Figure 2. Radio- 
RESISTOR D - STATIONARY FIELD MAGNET 

B CONTACT E - RESTORING TORQUE SPRINGS frequency am- 
THERMOCOUPLE F - MOVING POINTER, FIXED SCALE meter 
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OuTPUT INPUT 


Figure 1. General functional 
classification for measurement 
systems 


Arrows show general direction towards 
which outputs and inputs are directed. 
The flow need not be as direct as in- 
dicated. Feed-back and parallel paths 
frequently are used in measurement 


Re Co . 
systems of the servomechanism type Dg R 


moving-coil mechanism is classified as the primary detector, 
with torque as the output. Similar combinations of re- 
sistance or impedance networks are used with electro- 
dynamic and other detectors. 

There are other examples where the permanent-magnet 
moving-coil mechanism is used in a measurement sequence 
but not as the primary detector. In the light meter 
(Figure 4), the nature of the cell output is so different 
from the input that the cell automatically falls into the 
classification of the primary detector. 


THE INPUT 


The primary detector as shown in Figure 1 has a func- 
tional input and a functional output. These quantities 
are not to be confused with the power or energy input and 
output which are the cause and result of the primary 
detector’s operation. For example, in Figure 3 the railway 
tachometer primary detector is an a-c generator with a 
power input and output expressable in horsepower or 
kilowatts. However, the functional input is speed and the 
functional output is voltage. 

The measured quantity is often, but not always, the input 
to the primary detector. Cases where it is not convenient 


to consider the measured quantity as the input are as 
follows: 


(a). When the measured quantity is represented by several com- 
ponent quantities and these components are used as inputs. The 
thermal watt demand meter, Figure 5, includes a primary detector 
for a-c power where alternating potential and current, phased accord- 
ing to their power factors, are the inputs. 


(6). When a factor of the measured quantity is introduced elsewhere 
in the measurement sequence such as shown in the single-phase 
var-hour meter, Figure 6. Var-hours is the measured quantity, and 
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Table I. Typical Primary Detectors for Measurement of Electrical and Magnetic Quantities 


Quantity 


Measured 


Range of Use 


Basic Elements 


Input 


Physical Effect 
Output = Kf (Input) 


Typical 
Application 


——————————— a a eee a eee 


1 Direct current. ...From 0 to1amp...D’Arsonval mecha-. . Permanent magnet. . Direct current 


10 


12 


13 


15 


17 


18 


Direct current. ...From 0 to 10 amp. . Moving 


“nism 


mechanism 


and moving coil 


magnet. .Fixed coil moving. .Direct current 


permanent mag- 
net 


Direct potential. . .From 0 to 5,000 v, .D’Arsonval mecha-. . Permanent magnet, 


Direct potential... .From 0 to 100 v...Moving 


Alternating 
direct current 


Alternating 
direct current. 


Alternating or.. 
direct current.. 


Alternating 
direct poten- 
tial 

Alternating or. 
direct poten- 
tial 

Frequency... 000. 


A-c or dec power, 


Power factor..... 


Energy (a-c) 


Reactive energy. .From 0 to 10,000. .Watt-hour 


(a-c) 


Power demand....From 0 to 24 kw...Bimetallic actuator. . 


Energy (d-c) 


Phase angle...... 


Resistance....... 


amp 


or..From 0 to 100..Thermocouple 


. amp 


.From Oto 
amp 


-From 0 to 750 v. . Electrodynamic 


.From 0 to 1000 c..Resonant circuit.... 


nism 


mechanism 


anism 


1.0. .Electrodynamic.... 


mechanism 


or. .From 0 to 750 v...Moving-iron mech-. . 


anism 


mechanism 


moving coil, and 
resistor 


magnet..Fixed coil, moving. 


duces a torque on the cur- 


The field of the magnet pro-..Torque.......... .D-c ammeter 


rent carrying conductors of 


the moving coil. 


The magnetic field of the fixed. 


coil produces a torque on 
the moving magnet. 


al ONGUC i aaetnsey tees D-c ammeter 


. Direct potential.,..The potential, applied to a..Torque........... D-c voltmeter 


.Direct potential... 


permanent mag-.. 


net, and resistor 


or..From 0 to 600..Moving-iron mech-..Fixed coil and ferro-. 


magnetic vane 


.Resistor and ther- 
mocouple 


Fixed coil and mov-. 


ing coil 


Fixed coil, moving. 


iren, and resistor 


.Fixed coil, moving. 


coil, and resistor 


Fixed inductors and. 


fixed capacitors 


.From 0 to 450kw ,Electrodynamic..,,Fixed coil, moving. 


mechanism coil, and resistor 
.From 0 to 1.00...Electrodynamic., .. Fixed coil, 2 moving. 
mechanism coils, fixed resis- 
tor, and fixed in- 
ductor 
.From 0 to 10,000..Watt-hour meter..Electromagnet,. 
kwh at rates up mechanism braking magnet, 


to 90 kw (600 
v, 150 amp) 


rkva hr at rates 
up to 90 rkva 
(600 v, 150 
amp) 


.From 0 to 10,000. 


kwhr at rates 
up to 9,000 kw 
(750 v, 12,000 
amp) 


106 ohms 


From 0 to 360 deg. 


to 100X. 


mechanism and 
phase _ shifting 
transformer 


.D-c watt-hour me-. 


ter mechanism 


.Phase angle meter. 


mechanism 


. Permanent magnet. 
coil. . 


moving 
mechanism 


meter, 


and eddy-current 
disk 


. Phase shifting trans-. 


former,  electro- 
magnet, braking 
magnet, and 


eddy-current disk 
Bimetallic actuators. 


.Fixed air-core coil,. 


moving air-core 
coil, commutator 
eddy-current disk, 
and braking mag- 
net 


. Electromagnetic... . 


stator, fixed coil, 
ferro magnetic 
vane, fixed resis- 
tors, and fixed 
capacitors 

. Permanent magnet, 
moving coil, and 
constant voltage 
source 


sCurrents. scans. 


..Current 


. Alternating or di-, 
rect current 


. Alternating or di-. 
rect potential 


. Alternating or di-. 
rect potential 


. Potential of vari-. 
able frequency 


-Current and po-, 
tential 


. Current and po-. 
tential with 
variable power 
factor 


.Current and po-. 
tential 


.Current and 
phase-displaced 
potential 


Current 


calibrated resistor, results in 
current J=E/R which is 
measured as in (1). 


The potential, applied to a.. 


calibrated resistor, results in 
a current J=E/R, which is 
measured as in (2). 


. The magnetic field of the fixed . 


coil induces magnetic poles 
in the moving vane causing 
attraction or repulsion. 


pL OUGUMG a rerelteate 


. The current heats the resistor,. .Potential.......... Thermoammeter 


the temperature rise 
which produces electromo- 


of 


tive force at the junction of 


2 dissimilar metals. 


. The magnetic fields of the fixed. . 


and moving coils interact to 
produce a torque. 


-The potential, applied to a.. 


calibrated noninductive re- 
sistor, results in a current 
I=E/R, which is measured 
as in (5). 


-The potential applied to a 


calibrated noninductive r 
sistor, results in a current 
ZI=E/R which is measured 
as in (7). 


.The current-voltage relation- 


ship in the resonant circuit 
is a measure of the fre- 
quency. 


-The magnetic fields of one. 


fixed and one moving coil 
interact to produce a torque 
proportional to their instan- 
taneous product. 


.The magnetic fields of one. 


fixed and two moving coils 
interact to produce angular 
displacement when power 
factor is changed. 


.The reaction of fluxes of the 


electromagnet with eddy 
currents induced in the disk 
by these fluxes produces a 
torque. This torque, when 
opposed by the braking 
torque of the permanent 
magnet, results in angular 
disk displacement propor- 
tional to energy. 

Same as (13) 


Input currents from voltage. 


and current sources are 
combined in opposing bi- 
metallic spirals to produce 
displacement as a function 
of power. 


MOV Beste torte cters A-c or d-c ammeter 
Moncueveesaistroniere A-c or d-c voltmeter 
SPELORGUIC cori Messt etal A-c or d-c voltmeter 


e- 


..Current or volt-. . Frequency meter 
age 


LONqUuCI =. senate Wattmeter 


- Angular displace-. . Power factor meter 


ment 

. Angular displace-..Watt-hour meter 
ment 

. Angular displace-..Reactive volt-am- 
ment pere hour meters 

. Angular displace-..Thermal watt de- 
ment mand meter 


.Current and po-..The magnetic fields of the fixed. . Angular displace-..D-c watt-hour me- 


tential 


. Two potentials, . 


. . Resistance 


and moving coils interact 
to produce a torque. This 
torque when opposed by the 
braking torque of the mag- 
net and disk, results in angu- 
lar displacement propor- 
tional to energy. 

The interaction of magnetic 
fields due to two potentials 
causes displacement of the 
moving vane as a function 
of the phase angle. 


. The constant potential applied. .Torque........... 
under 


to the resistance 
measurement produces cur- 
rent flow J=E/R which is 
measured as in (1). 


ment ter 
. Angular displace-..Phase angle meter 
ment (synchroscope) 
Ohmmeter 
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Table I (Concluded). Typical Primary Detectors for Measurement of Electrical and Magnetic Quantities 
ee 


Quantity Physical Effect Typical 
Measured Range of Use Name Basic Elements Input Output = Kf (Input) Output Application 
a A ea OO a aad 
19 Resistance........0.011076 to.....Resistance bridge. . Fixed resistors, vapi-. .Resistance........ A resistance change in a bal-..Mechanical dis-. .Resistance bridge 
10108 ohms including gal- able resistors, anced bridge network causes placement 
vanometer voltage source, a galvanometer deflection, 
permanent mag- which results in adjustment 
net, and moving of variable resistors to re- 
coil establish bridge balance. 
20 A-c MAGN 5767503.) ae Search coil......... Search coil.........++ A-c flux linkages..The flux linkages induce a. .Potential.......... Flux voltmeter 
flux potential in the coil. This 
potential is a function of the 
rate of change of flux. a 
ai) Dc.) Ymagnetic ss. cc05. ciqsars ge oe Moving search coil, .Search coil and. .D-c fluxlinkages...The moving search coil is the. .Quantity of elec-. . Ballistic fluxmeter 
flux means of motion source of a quantity of elec- tricity 
tricity proportional to the 
change in flux linkages. 
22.5 Magneticns field 7 oj. siccimisni es aii Moving magnet....Moving magnet..... Field strength. .... The field exerts a torque on...Torque.........-- Magnetometer 
strength ~ the magnet as a function of 


time (hours) is introduced by the integrating function of the detector. 
The inputs are properly phased alternating potential and current 
and the output is the angular position of the disk. 


THE OUTPUT 


The functional output of the primary detector energizes 
or controls the operation of the end device. The output 
may be the input to an end device directly as shown in the 
radio-frequency ammeter, Figure 2, or it may be the input 
to an intermediate means as shown in the tachometer, 
Figure 3. The output of an ideal primary detector should 
bear an exact relation to the steady-state condition of the 
input. As an example, the output of a watt-hour meter 
mechanism (Figure 6) when measuring var-hours must 
be angular deflection. This is the first quantity that 
represents quantitative response to var-hours. The torque 
of the driving element is proportional to vars but not to 
var-hours. Torque, therefore, cannot be the output. 
The input-output relationship, Figure 7, must be repeat- 
able within the required precision of measurement. This 


PRIMARY DETECTOR 
A-G GENERATOR 


aN ||. 
Vinnie 
fp—§Z yr 
ue 
(I< 
4 bh. p 
rat 
dy iT VA 


SS 


BASIC ELEMENTS 


A- ELECTROMAGNETIC STATOR 
B- FERROMAGNETIC ROTOR 
C- PERMANENT FIELD MAGNETS 


INTERMEDIATE MEANS 


" FREQUENCY SENSITIVE 
RECTIFYING NETWORK 


BASIC ELEMENTS 


A- SATURATING CORE TRANSFORMER 
B- BLOCKING LAYER RECTIFIERS 
C-FIXED RESISTOR 


this field strength. 


precision must be sustained in most cases over long periods 
of time. 

If the measured quantity varies rapidly, the output 
inherently will contain additional transients. At times 
such action is desirable. A thermal watt demand meter, 
such as shown in Figure 5, utilizes the thermal capacity 
and heat insulation characteristics of the primary detector 
to obtain the desired transient or lagged response. In 
the radio-frequency ammeter, shown in Figure 2, the heat 
constants are so chosen that the output response is slow 
compared to radio-frequency cyclic changes of the input. 
Only the rms value of the current appears in the output. 
The lagging characteristics of the detector thus are utilized 
advantageously. 

Transients also occur at times when they are undesirable. 
In such cases the magnitude or time constants of the tran- 
sient must be negligible. If it is impossible or not feasible 
to accomplish this, the primary detector is unsuitable for 
measurement of rapidly varying quantities. Since electric 
networks (due to their impedance) and mechanisms (due 


END DEVICE 
LONG SCALE D'ARSONVAL INDICATOR 
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BASIC ELEMENTS 


A- PERMANENT MAGNET 

B- MOVING COIL 

C- RESTORING TORQUE SPRINGS 
D- POINTER AND SCALE 


Figure 3, Railway tachometer system 
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Table Il. Typical Primary Detectors for Measurement of Nonelectrical Quantities 


Quantity Physical Effect Typical 
Measured Range of Use Name Basic Elements Input Output =Kf (Input) Output Application 
1 Temperature. ....From —200 C to..Thermocouple...;..Thermocouple.......Temperature...... An emf exists at the junction. . Potential. ........Thermocouple ther- 
1,700 C of dissimilar metals. A tem- mometer 
perature difference at two 
junctions results in a poten- 
tial difference. 
2 Temperature.....From —240 C to..Resistance tem-,.Temperature sensi-..Temperature...... Electrical resistance changes. .Resistance........ Resistance _ ther- 
600 C perature detec- tive resistor with temperature. mometer 
tor 
3 Temperature..... From 800 C to..Disappearing fila-..Incandescent fila-..Temperature...... Light emitted from a glowing. .Light intensity....Disappearing fila- 
2,000 C ment ment lamp and body depends on tempera- ment optical 
d-c source ture and its intensity can be pyrometer 
matched visually against an 
adjustable standard such as 
the filament of an incan- 
descent lamp. 
4 Temperature......... cIemetiessicd taePhototube. occ. ea. Photo sensitive cell. .Temperature...... Light emitted from a glowing. .Effective _resist-..Automatic optical 
body depends on tempera- ance pyrometer 
ture and can be used to 
actuate a photosensitive cell, 
the resistance of which, as 
a circuit element, is a func- 
tion of temperature. 
5 Temperature.....From 500 C to..Thermopile........ Radiation thermo-..Temperature......Radiant heat from a hot body. .Potential......... Radiation pyrom- 
2,000 C couple alters the temperature of a eter 
thermojunction so that the 
thermocouple potential dif- 
ference is a function of tem- 
perature. 
6 Temperature..... From —100 C to. .Bimetallic actuator. .Bimetallic actuator... Temperature......Two joined metal strips with..Mechanical dis-..Bimetal thermom- 
400 C different expansion coeffi- placement eter 
cients will bend as tempera- 
ture changes. 
7 Temperature. .....From —190 C to. .Liquid-in-glass ex-..Liquid-in-glass ex-..Temperature...... .Most materials expand with..Mechanical dis-..Mercury thermo- 
500 C pansion bulb pansion bulb temperature increases. placement meter 
8 Temperature. From —60 C to..Fluid-in-metal ex-..Fluid-in-metal ex-..Temperature......Expansion of liquid or gas due. .Pressure.......... Bourdon tube ther- 
550 C pansion bulb pansion bulb to temperature rise increases mometer 
pressure in a completely 
filled system. 
9 Temperature..... From —25 C to..Vapor - pressure..Vapor - pressure..Temperature...... In a partially filled liquid sys-. .Pressure.......... Temperature con- 
325 C bulb bulb tem the vapor pressure is a troller 
function of the temperature. 
10 Pressure.-<. 55... From 0 to 10,000. .Bourdon tube...... Bourdon tube....... Pressure... jase + Expansion of liquid or increase.. Mechanical dis-..Bourdon pressure 
lb per sq in. in gas pressure in a curved placement gauge 
closed tube tends _ to 
straighten it. 
(i>) Pressare. ses... From 0 to 500 Ib..Bellows or dia-..Bellows or dia-..Pressure.......... Increased pressure inside a..Mechanical dis-..Aneroid barometer 
per sq in. phragm phragm flexible bellows or dia- placement or altimeter 
phragm tends to expand it. 
Nee ErOMUTS pecs. = + From 0 to 20 lb. .U tube............ Liquid column...... Pressure scsine «cae Increased head in one leg of a..Mechanical dis-. . Manometer 
per sq in. U tube with liquid in it dis- placement 
places the liquid. 
13 Pressures s.. 28 aes From 10 to 2,500. .Piston............. Piston ys iraarcceiials «tere Pressure........0.. A piston with a pressure on one. . Force or weight. ..Dead weight tester 
Ib per sq in. end will move. When bal- 
anced by pressure on the 
other end, the balancing 
force is a function of the 
pressure. 
14°) Preasure:<). oo. 26 From 0 to 1,500. .Piezoelectric crys-. . Piezoelectric crystal. . Pressure.......... Stress causes strain in a crystal. . Potential.......... Crystal-type pres- 
lb per sq in. tal and strained crystals become sure gauge 
electrically polarized. 
15 Vacuum:..: :)..... From 0.1 to 2,000. . Calibrated volume. . Volume and piston. . Pressure........ A. known volume of gas at a..Mechanical dis-..McLeod gauge 
microns system given pressure will compress placement 
to a new measurable volume 
ata known pressure, pu=c 
16 Vacuum....... ..From 0.1 to 750..Heated resistor..... Temperature sensi-..Pressure.......... A voltage across a resistance. .Resistance........ Pirani gauge 
microns tive resistor and heats it to a temperature 
standardized- which is a function of the 
voltage source gas and pressure surround- 
ing it. The temperature 
corresponds to a definite 
resistance, 
17 Vacuum......... From 1 to 500..Heated resistor..... Fixed resistor and..Pressure.......... A current through a resistance. . Temperature...... Thermocouple vac- 
microns resistor standardized- heats it to a temperature uum gauge 
current source which is a function of the 
gas and pressure around it. 
18 Vacuum.........From 1074 to..Electronic tube..... Electronic tube...... Pressure.......0-. With a controlled ionizing. .Current.......... Ionization gauge 
1,000 microns means, the ion collector 
(cold), 0-1 mi- current is a function of the 
cron (hot) pressure for a given gas. 
19 Vacuum.......;. From 0.001 to 1.0.. Moving vane and. .Moving vane, fixed. .Pressure.......... The heater creates a level of..Torque..........- Knudsen gauge 
micron heater resistor, and molecular energy that is 
standardized- higher on the adjacent side 
voltage source of the moving vane than on 
the opposite side. This 
difference in energy exerts a 
torque on the vane which is 
a function of the pressure. 
20 Fluid flow....... ieee ares Laveeeteae: we Fluid motor........ Fluid motor.........Fluid speed....... A fluid flowing through a fluid. . Angular displace-. .Gasoline flowmeter 


ee 
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Table II (Continued). Typical Primary Detectors for Measurement of Nonelectrical Quantities 


Quantity 


Measured Basic Elements 


Range of Use 


Physical Effect Typical 
Output = Kf (Input) Output Application 


nnn pp ere SS ee 


Dit emE TOI OWierecaeinte |< .1e:+ celestial te Orifice cen fpatiea sie Orifices. . rae Fluidispetdic jam. A difference in pressure on. .Differential pres-. Industrial flowmeter 


Oi) Baltes MC ore, aneem Hatoaucocde sK08 Pitot tubeless Bitotatubenscieeises Fluid speed....... A difference between static. 


pew Nalitaltien onan Memon. Oto son dade Variable orifice..... Float and conical. .Fluid speed....... 
tube 


pub Dike roll tle wa cosenmpopencesa: WIOAb Weisters sa ieeserate = BIOAUGa a tole otersie'se soles Liquid level....... 


Sap Ltguid 1eviclien:sina)-telela ite staetst tetris sielsls Diaphragm........ Diaphragm......... Liquid level....... 


26 Liquid level...... From 0 to 50 ft....Capacitor.......... Varying dielectric....Liquid level....... 


Zima Mechanical §dis<\ aki, ates lcle=ra'e sie Variable capacitor. . Variable capacitor. . .Mechanical 
placement placement 


28 Mechanical dis-..From 0.015 to 30. . Variable inductor...Variable inductor....Mechanical dis-. 


placement mils placement 


2omeNechanicalis ast <cc-)+/s1,+ <:hemuemiett: oe Voltage divider..... Variable resistor..... Mechanical dis-., 


placement placement 


30 Angular 
placement 


dis -. .From 0 to 360deg..D-c Selsyn trans- .. Variable 


mitter and d-c source ment 


dis -. .From 0 to 360 deg..A-c Selsyn trans- 
mitter 


Electromagnetic . 
stator and rotor 
and a-c source 


Angular displace-. . 
ment 


31 Angular 
placement 


32 Angular dis-. 
placement 


.From 0 to 360 deg..Second harmonic. .Permanent magnet,..Angular displace-. . 
transmitter saturating coil ment 
and a-c source 


33 Strain From 20 to 30,000. .Strain wire 
microin. per in. 
34) Sani cis sistas as From 0.015 to 30. 


mils 


sistor 
.Strain electromag-..Variable inductor...Strain... 
net 


35) Weight or forces... «.sienca tac es ee Sprung ea vverstsee als eta POUR 1s cei, 0.4 6 ine OP CCAM eas 40a 


36 Acceleration......From 0 to 40 g....Spring mass and.. 


mass 


supported. . Solid 
spring 


37. Acceleration,.... From 0 to 10 g....Movable plate and. . Movable plate, elec-. , Acceleration, . 
electronic tube tronic tube and 


voltage source 


38) Speed einige. ssa From 100 to 5,000..D-c generator........ Electromagnetic ... Angular velocity. . 
rpm stator, moving 
permanent mag- 
net and commu- 
tator 
39 Speed............From 100 to..A-c single-phase... .Electromagnetic . . Angular velocity... 
3,600 rpm generator stator and moy- 
ing permanent 
magnets 
AO Speedy sia ctea ste From 200  to..A-c generator...,....Electromagnetic ., Angular velocity... 
11,000 rpm stator and perma- 


nent magnet rotor 


dis-..A change in the relative posi-.. 


.Small changes in air gaps of. . 


resistor. .Angular displace-..A voltage impressed at oppo-. 


. .Strain - sensitive re-. .Strain............ Strain on wire alters dimen-. 


opposite sides of an orifice sure 

exists where fluid flows 

through. 

.Differential pres-..Aircraft airspeed 
and total head is a function sure indicator 
of the fluid and its velocity 

through a pitot tube. 

A float in a conical tube will. . 
assume a position to vary 
the orifice size as a function 
of the fluid speed. The posi- 
tion of the float is therefore 
a function of the speed. 

A light body will be buoyant. 
in a liquid and its position is 
a function of liquid level. 

A diaphragm is deflected by. 
the head of liquid above and 
provides a pressure in a 
closed system which is pro- 
portional to the liquid level. 


Linear displace-. .Rotameter 
ment 


Mechanical dis-. .Float gauge 
placement 


PYCSSUTE. si aleayels Hydrostatic-type liq- 
uid level gauge 


.Capacitance....... Capacitance gaso 


The capacitance of a capacitor. 
line gauge 


is a function of the dielectric. 

With two dielectrics such as 

a liquid and air the capaci- 

tance is a function of the 

dividing line position. 

.Capacitance....... Capacitor-type elec- 

tion of capacitor plates alters tric gauge 

the capacitance. 

Inductance....... Electrolimit gauge 
magnetic cored inductors 
change their inductance. 

The resistance from a fixed to. 
a variable contact on a re- 
sistor changes as a function 
of the variable contact posi- 
tion, 


(RESISEATICE. oissias «s Position telemeter 


-Potential distri-..D-c Selsyn 


site diameters of a tapped bution 
circular resistor sets up a 
voltage distribution between 


various taps. 


-Potential distri-. .A-c Selsyn 


bution 


An excited rotor inside a poly-. 
phase stator will set up a 
potential distribution in the 
stator in accordance with 
the angular position of the 
excited rotor. 

Unidirectional flux in a poly-. 
phase coil with an a-c satu- 
rated core will set up a sec- 
ond harmonic potential 
distribution dependent on 
the angular position of the 
unidirectional flux. 


distri-..Second harmonic 
telemeter system 


. Potential 
bution 


Resistance. Go. see Wire strain gauge 
sions and resistance of wire. 

Strain varies air-gap in vari-..Inductance.........- Electromagnetic 
able inductor to change its strain gauge 
inductance. 

.A spring deflects as a function. . Mechanical 
of the applied force. placement 


dis-. .Spring balance 


.Acceleration moves a mass. .Deflection........ Aircraft acceler- 
with a force which is pro- ometer 

portional to the acceleration 

and deflection is controlled 


by the spring. 


..In a vacuum tube if the plate. .Current...........Wacuum tube ac- 


is movable, the plate current 
is a function of the plate 
position with respect to the 
cathode. Elastically mount- 
ing the plate makes the plate 
current a function of accel- 
eration, 


celeration pickup 


.Generated potential is a func-. .Direct potential. .. Magneto tachome- 
tion of rpm ter 


Generated potential is a func-..Alternating po-.. Alternating voltage 


tion of rpm. tential tachometer  sys- 
tem 

Frequency of generated po-..Frequency........ Aircraft tachometer 

tential is a function of rpm. or railway type 


tachometer system 
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Table II (Continued). Typi 
Quantity ne eS =~ 
Measured Range of Use Name 
Speed...........From 200 to..Magnetic - drag.. 
5,000 rpm disk 
Speed gait seer From 100 to 750..Fly-ball governor... 
rpm 
Speed) casein cetera << dmosiae ones Rotating mirror... . 
Speed. +eeee.. «..From 0 to 90,000. .Flashing light...... 
flashes per min 
Vibration velo-..From 0.001 to 40.Electromagnetic. 


city in. per sec pickup 


Vibration accel-,.From 10 to 5,000. .Piezoelectric pick-.. 


eration g up 
Vibration fre-..From 15 to 500 c..Vibrating reed..... 
quency 
OUD seiiaie ts sists From 20 to 120..Microphone........ 
db 
Ilumination...... From 1 to 100 ft-c. . Photovoltaic cell.... 
Illumination...... Starlight to. .Photoemissive cell. . 
50,000 ft-c 


cal Primary 


Basic Elements Input 


-Permanent magnet. .Angular velocity. . 
rotor and eddy- 
current drag disk 


Movable weights. . Angular velocity... 
and springs 


Mirror and electric. .Angular velocity.. 
lamp 


Discharge lamp and. . Angular velocity... 
variable fre- 
quency source 


Permanent magnet..Vibration velo-. 
and moving coil city and fre- 
quency 


Piezoelectric pickup.. Vibration accel-. 
eration 


Vibrational fre-.. 


quency 
Piezoelectric crystal..Sound........... 
Photovoltaic cell..... Ilumination...... 


Photoemissive cell. . IJlumination 


Voltage source 
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produce a torque which is a 
function of rpm. 

Centrifugal force on weights. 
can be balanced against a 
spring force to give a dis- 
placement. 


.Light projected on a rotating. 


mirror is reflected as pulses, 
the frequency of which is 
proportional to rpm. 

The rate of light flashes is ad-. 
justed until the rotating 
object appears stationary 
because of stroboscopic 
effect. When this occurs the 
frequency of the source is a 
function of rpm. 


.A potential proportional to the. 


velocity is induced in a coil 
moving in a permanent 
magnet field. 


.A potential proportional to the. 


acceleration appears in a 
piezoelectric crystal when 
stressed by vibration forces. 

When natural and forced fre-. 
quencies are equal the 
amplitude of vibration is 
maximum. 

Sound energy impinging on a. 
crystal microphone stresses 
the crystal and the strains 
produce a voltage as a func- 
tion of the wave shape of the 
sound waves. 


Radiations on a photovoltaic. . 


cell results in an emf across 
the terminals. 

Radiations on a photoemissive. 
cell result in the emission of 
electrons. 


Ilumination..;...From 0 to 0.25..Photoconduc-..Photoconduc-.. Illumination. .....Radiations on a photoconduc-. 


ft-c tive cell 
Iiumination..<......... Herne nec ore Black body......... 
Brightness........ From 2 to 50 ft-L.. Optical wedge...... 
Light emergy......cccccrsescesceons Photoemissive cell. . 
olor). aiyegis <2 ces 400 to 700 milli-..Monochromatic.. 

microns lights and photo- 

emissive cell 
Cosmic, X-ray......ssccecscecees Geiger - Muller... 
and radiations tube 

Humidity..... . .From 0 to 95 per. .Wet and dry bulbs. . 

cent relative 

humidity 


Humidity. ....... From 0 to 100 per. . Variable tempera-.. 
cent relative.. ture chamber 
humidity with reflectors 

Humidity......°.. From 15 to 100..Moisture sensitive... 


per cent rela~ resistor 


humidity 


tive cell 


Wedge filter 
electric lamp 


and. . Brightness 


Photoemissive cell. . [lumination 
and d-c source 


and capacitor 


Electric lamp, prism 
and photoemissive 
cell 


of various wave 
lengths 


Geiger-Muller tube. . Radiations 
and d-c source 


.. Liquid expansion. .Humidity........ 
bulbs and moist 
wick 


Mirror and heating. . Humidity 


and cooling 
source 

Moisture sensitive. Humidity......... 
resistor 


.. Transmitted light. . 


tive cell result in a change 
in electrical resistance which 
is a function of the radiation 
intensity. 

Light radiations are absorbed. 
and change the temperature 
of a black body. 

Light of a given brightness will. 
emerge from a wedge filter 
at a mechanical position 
dependent on the input light 
brightness. The position of 
the wedge in which the 
emerging brightness agrees 
with a standard brightness 
is a function of the input 
brightness. 

Current from a photoemissive. 
cell is a function of the illu- 
mination and can be inte- 
grated to give light energy 
for the time interval. 

The prism disperses the light. 
to produce the monochro- 
nomic lights which are 
transmitted through or re- 
flect from the color and the 
resulting tight forms a spec- 
trum as a function of the 
color. It can be compared 
with a spectrum of a stand- 
ard. 


Radiations, which ionize a gas, , 
will allow electric conduc- 
tion and certain vapors in 
the gas will quench the cur- 
rent. 

.Evaporation from the moist 
wic klowers its temperature 
below that of the dry bulb. 
The difference between these 
temperatures depends on the 
humidity. 

The dewpoint of a gas 1s de-. 
tectable by condensation on 
the mirror surface as the 
temperature is raised and 
lowered. 

Certain salts become moist in. 
humid air and their elec- 
trical resistance is a function 
of humidity. 


Physical Effect Typical 
Output = KF (Input) Output Application 
-Rotating magnet reacts with..Torque........... Automobile ta- 
eddy currents in ‘disk to chometer 


Mechanical dis-. .Steam turbine 


placement governor 


of..Electronic tachom- 


eter 


. Frequency 
light pulses 


. Frequency Electric stroboscope 


Potential and fre-.. Vibration velocity 
quency meter 


.Potential and fre-.. Vibration accelera- 


quency tion meter 
.Mechanical dis-,.Vibrating - reed- 
placement type vibration 
meter 
+Potential= 22... Sound level meter 
Potentialiay.isster'eisvs Light meter 
(Currents. soee Phototube light me- 
ter 
-Resistance.......-. Infrared meter 
.Temperature...... Thermocouple 


bolometer 


-Mechanical dis-..Luckiesh - Taylor 


placement brightness meter 
SCUIPLONE.cieys aie esters Lumen - second me- 
ter 
. Spectrum Recording spectro- 
photometer 
¢Qurrents sc.) Geiger Muller 
counters 


..Differential tem-..Sling psychrome- 


perature and dry ter 
temperature 
.Temperature...... Recording dew- 
point meter 
sResistanée «275-101 Humidity indicator 
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Table IJ (Concluded). 


Typical Primary Detectors for Measurement of Nonelectrical Quantities 


Quantity 


Measured Range of Use Name Basic Elements 


Input 


Physical Effect 
Output = Kf (Input) 


Typical 


Output Application 


Se eee eel 
Humidity........From 15 to 100..Heated moisture.. Moisture and tem-..Humidity.........A voltage applied to asaltsuch.. Temperature... ... Humidity indicator 


60 


61 


62 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


79 
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perature sensitive 
resistor and volt- 
age source 


per cent rela- sensitive resistor 


tive humidity 


Humidity. .......From0 to 100 per..Moisture sensitive..Moisture sensitive 


as LiCl which is a conductor 
only when moist keeps its 
temperature such that the 
saturated solution vapor is 
in equilibrium. The tem- 
perature is then a measure 
of dewpoint. 


..Humidity.........Some substances change di-..Mechanical dis-. -Human hair hy- 


cent relative expandor expandor mensions with humidity placement grometer 
humidity , changes. ; ; us oe aa 
Ef uariii lity, ave aiataieialelsielesoleralaloreltniare oe ..Capacitor........,.Capacitor.......,..-Humidity.........The capacitance of a capacitor. . Capacitance. +++. Mois conten 
is a function of its dielectric dicator 
and this varies with moisture 
content and hence humidity, : F 
WisCOStt yarceereerelerisievernietesinc ..++++.-Constant speed. , Vessel and constant. . Viscosity.........The torque on a plunger in a.. Forque,..3.-.00% -MacMichael vis- 
rotor speed rotor material spinning at con- cosimeter 
stant speed is a measure of 
viscosity. ae 
Viscosity.......+seeeeee+seeeeee+-Cup and orifice.....Vessel and orifice... . Viscosity......,...The time for a given amount..Time............ .Saybolt —_viscosim- 
of liquid to flow through an eter 
orifice is a function of its 
viscosity. MT A. 
Viscosity... ....+esceceeeeeeee+e++-Constant torque.. Vessel and constant, . Viscosity........,.The speed ofa rotor in the ma-. .Speed..... .++e...Stormer viscosim- 
rotor torque rotor terial when driven by a con- eter 
stant torque is a measure of 
viscosity. 
AV ISCOSLU Yi trererctetelasoteralelelavels(elelele/ aie) sietale .Falling body....... Vessel and ball......Viscosity.........An object in a liquid acted on. . Average speed... . . Falling ball viscos- 


Chemical com-.......... prarsincataiere 


position and heat source 


Chemical com-..Mass range 2t .. 
position 400 magnets, electron 


tube, d-c source 


Time;...........0.1 sec up.sss3.... Timing motor......Timing motor and. 


a-c standardized 

frequency source 
9am GOBGOnON TSC UP ss. cess Pendulum... 5... . <. Lever, mass, 

energy source 


PIMC? cave sie cs ee -O-1 SCC UPs cc es's 
age spring, and 
energy source 


Time............10-7 sec up.......Crystal oscillator...Crystal and a-c..Time.... 
source 
LETTE 5 Seascduaas 104 sec up....... Tuning fork........ Tuning fork, elec-. 
tromagnet, and 
a-c source 
ditt eeenonc --.--0.01 sec up....... Vibrating wire.....Wire vibrator, elec-..Time............ 
tromagnet, and 
a-c source 


Magnetic direc-. .From 0 to 360 deg..Compass.......Permanent magnet, 
tion 


Magnetic direc-.,From 0 to 360deg..Second harmonic. .Polyphase coil, sat-..Magnetic 


tion generator urable reactor, 


and a-c source 


Magnetic direc-, ,From 0 to 360 deg. . Induction coil..... 
tion 


Rotating induction 
coil and motor 


Space direction. . .From 0 to 360 deg. .Gyroscope in uni-. .Gyroscope rotor and 
versal mounting energy source 


Geographical di-. . From 0 to 360 deg. .Gyrocompass....... Pendulous 
rection scope and energy 


source 


-Diffraction grating..Defraction grating. 


. Mass spectrometer. .Electrodes, electro-. 


and. 


.. Balance wheel,.,...Mass, energy stor-. 


waves 


gas 


RINGS ciel eara 


by a known force will accel- 
erate and move through the 
liquid at a speed which is a 
function of its viscosity. 


. Electromagnetic... .A heated body radiates typical . 


frequencies depending on its 
compositien. A spectrum of 
these frequencies is formed 
with a grating. 


-Mass as ionized..A moving charged mass will. 


follow a given curve if acted 
on by a field intensity. The 
curve is a function of the 
mass. 


......A constant speed motor will. 


move through a definite 
angle in a given time. 


OLE a einlerst-leteteternrets A pendulum makes a complete. 


oscillation in a definite time. 


.Time..sss........-A balance wheel mechanism. 


makes a complete oscillation 
in a definite time. 


eesee.e.--A crystal under controlled. . 


conditions will oscillate at a 
constant frequency. 


»TIME...c000e0000.4 tuning fork vibrates ‘at al? 
constant frequency under 
controlled conditions. 

A wire under controlled condi-. 


tions vibrates at a constant 
frequency 


. -Magnetic direction,The flux from a horizontal. 


direc- 
tion 
..Magnetie direc- 
tion 


. Space direction. 


gyro-..Geographical di- 


rection 


permanent magnet reacts 
with the horizontal com- 
ponent of the earth’s field 
to produce a torque to turn 
the magnet into the earth’s 
magnetic field. It will there- 
fore indicate an angle be- 
tween a given direction and 
magnetic north. 


. A distributed polyphase wind-. 


ing around an a-c excited 
saturated core will have a 
second harmonic potential 
distribution induced in it as 
a function of the direction of 
unidirectional magnetic 
field cutting it. 


. .The voltage induced in a rotat-. 


ing coil will be a maximum 
when moving to cut a maxi- 
mum of the earth’s magnetic 
field. 


. A gyroscope acted on by no. 


torques will remain with its 
spin axis in a fixed direction 
in space. It will therefore 
indicate the angle between 
a given direction and the 
space direction of the spin 
axis of the gyroscope. 


. A pendulous gyroscope with its. 


spin axis horizontal will tend 
to line its spin axis with the 
spin axis of the earth. 


imeter 


.Spectrum pattern. .Spectrograph 


.Mechanical dis-..Mass spectrometer 
placement 


.Angular displace-. . Time meter 


ment 


-Number of oscil-. . Pendulum clock 


lations 


-Number of oscil-. .Stop watch 


lations 


Integrated 
quency 


fre-. . Frequency standard 


Number of oscil-..Integrated fre- 


lations quency control 
instrument 
-Number of oscil-. .Load frequency 


lations control 


-Angular Displace-, .Remote compas 
ment 


.Potential distri-..Aircraft automatic 
bution pilot directional 
control 
»Potentialic. «cis cis Induction coil com- 
pass 


. Angular displace-, .Directional  gyro- 
ment scope or bank 
and climb gyro- 

scope 


-Angular displace-. .Gyrocompass 


ment 
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. 
; 
; 


PRIMARY END 
DETECTOR DEVICE 
LIGHT D'ARSONVAL 
CELL INDICATOR 


BASIC 
ELEMENTS 


ELEMENT 


A-PHOTOVOLTAIG B -MOVING COIL 
CELL 


G -STATIONARY FIELD MAGNET 
O -RESTORING-TORQUE SPRING 


| 
| 
| 
BASIC 1 
' 
1 
1 
! 
| 
| € -MOVING-POINTER, FIXED-SCALE 


Figure 4. Light meter 


to their inertia) do introduce transients, it is necessary to 
analyze the transient characteristics and to know how they 
can be changed. 

It should be understood that many quantities such as 
mechanical deflection, current, and potential are the 
inputs to primary detectors measuring that quantity, but 
they also may be the outputs of other primary detectors 
measuring entirely different quantities. For example, 
in Figure 4 the light cell has potential as its output. But 
potential can be the input to a primary detector which 
might be a permanent-magnet moving-coil mechanism. 
Mechanisms used as primary detectors in some cases may 
be used as intermediate means in other cases. 


PHYSICAL LAWS AND EFFECTS 


Nearly all physical laws have been used in measurement 
work, and many appear in primary detectors. Some of 


END DEVICE 


fo Gi = 
Wy U7 


Figure 5. Thermal watt demand meter 


BUILT-IN AUXILIARY MEANS) PRIMARY DETECTOR 


(NSTRUMENT TRANSFORMERS, BIMETALLIC ACTUATOR 


l 
BASIC ELEMENTS 


A-CURRENT TRANSFORMER 
B-POTENTIAL TRANSFORMER 
C- BIMETALLIC ACTUATORS 
D- GEARING 

E-POINTER AND SCALE 
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PRIMARY DETECTOR 


‘ 
PHASE SHIFTING NETWORK AND | 
WATTHOUR METER MECHANISM | 
| 
| 
| 


LINE 


! 

I 

BASIC ELEMENTS ! 

A-FIXED CAPACITOR C-ELECTROMAGNET *-GEARING \ 
B-FIXED RESISTOR D- BRAKING DISK G- MOVING POINTER, | 
E- BRAKING MAGNET FIXED SCALE ! 


Figure 6. Single-phase var-hour meter 


the important ones are listed in Table III. These laws, 
together with Newton’s laws where mechanical motion is 
involved and Kirchoff’s laws where electric networks are 
used, make it possible to set up the differential equations 
for the detector operation. 


MATHEMATICAL ANALYSIS 


In order to obtain an expression for the relation of the 
output to the input, it is necessary to understand the 
physical laws and effects entering into the transfer. When 
these laws are known the determination of the transfer 
characteristics becomes a mathematical one, techniques 
for which are covered adequately in mathematical and 
engineering literature. Standard classical, operational, 
or transform methods can be used to symbolize the transfer 
relations. In general, a complete understanding of opera- 
tion is obtained only after a thorough and sometimes 
complex mathematical analysis. An adequate under- 
standing is often obtainable, however, from simple quali- 
tative examination of the input, the output, and the 
physical effect involved. 

In general the passive physical elements such as in- 
ductance, capacitance, resistance, inertia, and heat capacity, 
in the interest of simplicity, can be considered constant over 
the measurement interval. For the same reason, only 
lumped and not distributed parameters usually are assumed. 
Mechanical or electrical analogues may be used as well 
as other artifices commonly applied to the solution of 


Figure 7. Input- 
output character- 
of primary 
detectors 


The output (y) of an OUTPUT 
ideal primary detector (Y) 
is, over the measure- 
ment range, a continu- 
ous, determinate, re- 
petitive function of the 

input (x) only 


istic 


INPUT 
(x) 


MEASUREMENT 
RANGE 
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INPUT Figure 8. Detailed functional characteris- 
tics of watt-hour meter mechanism pri- 
CURRENT VOLTS mary detector 
; PHYSICAL POWER FUNCTIONAL 

aie Uncrion eoner rare, A eteMeles This method not only offers a stand- 
ers ee | ard attack on the problem of under- 
Feel bee { at standing existing primary detectors, 
Vi tper | but it also provides the basis for the 
‘2 synthesis of the basic elements of pro- 
= AMPERES | 3 posed systems. Independent expres- 
| sions for the transient relation and the 
.4 steady-state relation between input 
ale FARADAY'S { 5 and output can be obtained from 
| the characteristic function of the de- 

«6 tector. 

“E* Tpra = KCovrnon) Hey { |? CONCLUSIONS 

8 The summary of this work in tabular 
Tease =k MOTOR ° form is intended for use in the educa- 
ae | 9 tional field as well as in the specialized 


measurement engineering field. Since 


r oe vena I, P it is intentionally limited to a very 
T+ | general treatment of this phase of meas- 
Leder Z urements, supplementary analysis: is 
$23 oR Pa Ferk ouenaenss { aM necessary for the complete intensive 
PRINCIPLE 5. [2 study of any particular system. A 
se le ae dh : method of attack on this problem has 
o=k Resipual { 13 been outlined. Finally, there is obvious 
EFFECTS need for a similar study of the re- 
Cig ae pills papi { “14 maining groups in the measurement se- 
Ele tR quence, namely, the intermediate means 
*Is and the end devices, for a complete 
> verre { evaluation of this form of measurement 
; analysis. 
OEFINITION 
t+ Norm { | * Appendix 


If the detector is subdivided into its basic 
elements or schematically into functional 
blocks, a more complete understanding of 
results is possible. Such a breakdown is shown 
in Figure 8 for a watt-hour meter mechanism 
wherein 16 separate detail functions are car- 
ried out in three kinds of basic elements in- 
volving eight major physical effects. 

ouTPUT A little study will show that at function num- 

ber 8 and 9, torques are produced proportional 

differential equations. When transform methods are used to the input. Beyond this point the action is similar to a closed 
to express cheteatio onthe output to the input, this ratio in loop regulator since a feed-back circuit is utilized. Function 10 


the primary detector can be called its characteristic func- ween alton eeiectos ey eee Shange gia response as 
: 5 ‘ portional to the difference of the inputs (7) plus 72) and the feed- 
tion. It can be used to obtain the over-all measuring sys- 


sak ees é back torque (73). The output speed will be regulated until it is 
tem characteristic. ‘This is the relation between the end 
device operation and the quantity being measured. A 


typical application of this method is the analysis of the Figure 9. Simplified diagram for determination of characteris- 
watt-hour meter mechanism in the appendix. tic function of primary detector 


PRIMARY DETECTOR 


a t j 5 
i cos0 = (EM Fpan) 5 ie uuciionat 


NEWTON’S LAWS 
{ 


Ip 


TORQUE (T) INTEGRATION 


SUMMATION SPEED (s) ANGLE /. 


TORQUE (e) 


+ 


NEGATIVE 
NEGATIVE 
dae PROPORTION SPEED (s) 


-K 


858 Lynch, Corson—Primary Detectors for Measurements ELECTRICAL ENGINEERING 


Table III. 


Measured 


, Primary Detectors 
Quantities 


(See Tables I and II) 


Ampere’s Law 


Motor Effect 


Ohm’s Law 
Joule’s Law 


Electrical 


Electrodynamic mechanism...............- § 5108-90 ices 

Potential and current... ) Fixed coil moving magnet...............-. 5 Bee shies 
@hermocouplevconyenterca24- saneee sae eee sees oy Ke 
x 
x 


Hlectrostatiesmechanismis, Sac fe «ret bon sciences ae: 


} Permanent magnet moving coil............ bso cle re.4 
Blectronic rectifiers cer. salah. s sok Sore oa Sansa ae 


A-c power and demand. . ) D-c watt-hour meter mechanism........... Xi nuk 


A-c watt-hour meter mechanism........... Pca 3 Piles. Sabre 
Bimctallic Actuator, ceigan sans eats esi os ecteatnt eee ae 


} Electrodynamic mechanism...............- Re Rare ok 


Frequency........ S285 S82 Tuned frequency network 


Nonelectrical 


Demperature: 2.55.55. Bimetallic actuator 


Bourdon tube 


Filament, cOmparatOns oj. <rsrnayeisrrasie cet wee aeons Mea sone x.. 


Bourdon PDS areca) estes Sas Shs nis, hea a STIs sha bos SIS acays) sin iauete locates 
Bellows i miestae 6 oharcssy oe actor sinva) 6 e\ateielel shale arayayesionscs iexetelp Tyareie % 
RELCSEMEC siale aces ain <\0 sie agers WV ECG Rta CAULO are Sree sass Syeisi eaclennhses ie uns “cll haan ovoksan exatats « 


Metal block. (hardness) fa. os.0. vee cee nares sales biduausinnnd sly oes 
PieZoelectrac Crystal avy com sj<ts,-isiajesapapefae alte Creme iehtlepale ais 


ag Ploat mechaaismg acipc conve e cies seis ee legate ate aneas cals 
Posticmand lg id levels CADAGILON, s see soa ct's css sot ste s beh se bss tebe e emi sass 
Radioactive sourcén.co soc oaae ere teens meeecae sie 


Important Physical Laws and Effects Used in 


TRermocowple? sca agis eee oe 's iv co's SRP Ieee Bee eres, 
Resistance) temperature detector... o.<.< ees) nestle dseities 
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Laws or Effects* 


Pest) 


Perm. Mag. Phenom. 
Radiation Effect 
Photoelec. Effect 


Black Body Radiation 
Capac. /Dielect. 


Seebeck Effect 
Coulomb’s Law 
Edison Effect 
Faraday’s Law 
Expans. /Temp 
Resist. /Temp 
Imped. /Freq. 
Charles’ Law 
Boyle’s Law 
Hooke’s Law 
Res. /Dimension 
Piezoelec. Effect 


Elastic L 


Cee emer rere eet senses reer senses eene esses XK... 


POO Mee eee mmm esas CON eee eee es ea ees ccc veanswasicccs vase os x...% 


* Dictionary of Applied Physics, Sir Richard Glazebrook, MacMillan and Company, Ltd.. London, England. 


proportional to the input 7,+ 72, at which time equilibrium condi- 
tions exist. 

The simplified diagram in Figure 9 allows the characteristic function 
of the primary detector to be determined from the characteristic 
function of the separate blocks. If J is the disk inertia, K is the 
damping constant, and other terms as defined in the diagram, 


1 
(3 as Memmtoe the gd ove as shown by Newton’s laws in the diagram 
il 
(T—Ks) 7; Se a picks’ s since e= 7 — Ks as shown in the summation 
Te TIPS cc te vik. oe oe by algebraically changing the position of Jp 


T = Jps+Ks=s(Jp+).by combining the terms with s 


cee ETAT BMGs algebraically giving the speed to torque ratio 


since the “‘integration”’ block shows the angle 
equals the speed operated on by 1/p 


This demonstrates how the characteristic function 2/7 has been 
obtainéd mathematically from the individual characteristic functions 
of the blocks in the diagram. 
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Steinmetz Memorial Fountain 


Gift of the General Electric Company to the city of Schenectady, 

N. Y., this brilliantly lighted fountain dedicated to the memory 

of the late Charles P. Steinmetz recently was installed in Crescent 

Park, not far from the plant where the “mathematical wizard” 
worked until his death in 1923 
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Hydroelectric Potentiality of Mexico 


ANDRES GARCIA QUINTERO 


HE HYDROELECTRIC RESOURCES of Mexico 
are conditioned by two essential factors, namely, avail- 
able water and waterfalls. ‘The mean annual surface water 
runoff of the country’s principal rivers is 183,000 million 
cubic meters brought about by irregular rainfall whichoccurs 
for the most part during the summer months. More than 
75 per cent of the annual rainfall occurs during these 
months and this causes the runoff of the rivers to be erratic, 
making it impossible to take advantage of it to develop 
power constantly. Reservoirs invariably are reqired to 
regulate the flow but only 75 per cent to 80 per cent of the 
total of such stored up water can be utilized as a result of 
losses occurring through evaporation, spills, and so forth. 
Differences in levels of our rivers are greatest on the sides 


Table I. Power Installations Constructed in Mexico 


Hydroelectric Thermoelectric 
Year Installations, Kw Installations, Kw Total Kw 
1930 ore as wire lacie ceo < 2625200). :c7ettersreteteeicie os PAUIRC CUES erdinaice ance at 463,600 
193 ON ere rien secs mile 3895100 sere toe st OIE SOO eer te site curses 680,400 
1943 wi, cistsieecee cise ss BOT 100s ew ccceces esi 283; 000). acts. che viciers ain ss 680,100 
1946. ..3s.c2 tweens AGS TOO sc, stars/01 araelit ase LELH UU egonomoc oo ce 775,900 
A OAS ioc leveisia staf statotele 511,000 


of the eastern and western high mountain ranges which 
face the sea, where the rivers descend from average alti- 
tudes of 2,000 meters to as low as 200 meters to the foothills 
and coastal plains of the Gulf of Mexico and the Pacific 
Ocean. ‘These differences occur along river stretches, 200 
to 300 kilometers long, forming waterfalls which may be 
utilized advantageously for hydroelectric development. 
However the total potential power which these waterfalls 
could develop cannot be utilized because of losses caused by 
the location of dams, reservoirs, diversion works, canals 
and powerhouses, and so forth; and likewise by losses sus- 
tained through load friction, bends, and so forth. Thus it is 
estimated that only 50 per cent of the potential power of 
Mexico’s waterfalls can be utilized. 

Mexico has just started to develop her potential hydro- 
electric resources. ‘Table I shows the power installations 
made so far. At present the hydroelectric installations 
have a total capacity of 511,000 kw, with a mean annual 
demand of 250,000 kw. The estimated total hydroelec- 
tric potential is 7,300,000 kw indicating that only 3.4 per 
cent of the country’s hydroelectric resources have been 
developed. 


Digest of paper 48-152, “Hydroelectric Potentiality of Mexico,’? recommended by the 
AIEE power generation committee and approved by the AIEE technical program 
committee for presentation at the AIEE summer general meeting, Mexico, Federal 
District, Mexico, June 21-25, 1948. Scheduled for publication in AIEE TRANS- 
ACTIONS, volume 67, 1948, 


Andres Garcia Quintero is director of hydrology, Ministry of Hydraulic Resources 
of Mexico, Mexico, Federal District, Mexico. 


Editor’s Note: A previously published article on a related subject is ““Mexico’s Electri- 
fication Program,” by Basil Nikiforoft, Alejandro Paez Urquidi, Alfonso Fernandez 
Del Busto, and Oscar R. Enriquez, which appeared in ELECTRICAL ENGINEER- 
ING (Part I—EE, May ’46, pages 193-7; Part II—EE, June °46, pages 245-51). 
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It should be remembered that Mexico is a country so 
deficient in water that for an assured agricultural develop- 
ment irrigation is required for 93 per cent of the total area 
of the country. This leaves only seven per cent of the 


Table II. The Hydroelectric Potentialities of Mexico 
Surface Runoff Geographical 
Hydrographical in Millions of Horsepower Distribution in 
Regions Cubic Meters Potentialities Percentages 

Lower California <.... 5025 ss.0slechclonebts ee 500 Sosiane 10,621 ee 0.08 
North Pacific Region. ov ss s0ss000a% esis IAB. =o fpis a A5IS391 See 34.71 
San Pedro-Mezquital..........0rsshoveve B50 Rae oe TOs. 8183. mesn 6.04 
Lerma‘ Santiago Basin. .\.... strstr 85680 25d 2,192,457 . 205. 16.64 
Central Pacific Region or Southern Jalisco.. 5,630...... $97,477.54 1.42 
Rio} Balsas, Basin <<. <ic.0x/nx wcities diey.e akin 8,450. 826/78 288,028...... 2:19. 
Southern Pacific Region................ 85255 SAaiere PHATE Ben 1.69 
Rio: Bravo in Mexico... .4... asses aeeeore Lh ae ODT ATES eats 1573 
Northeastern Region (Northern Gulf)... .. Cel Renny = 93 2D a ine 0.71 
Rio. Panuco Basin: 2. i/.'.. 00025 eee sce ore 6.2100 eae 320:8739'. Secs 2.44 
Northern region of Veracruz 

(Central. Gulf)y2 cbt tc i ecec eats 8,230. ...- Z,07B, 961.5 ae 15.78 
Southern Rregion of Veracruz 

(Papaloapan Basin, Tabasco and 

Campeeche):. 32)......52-.5aa0 eee ee eee ee 95,51 OSs sn es 2,062,658...... 15.65 
Enclosed Basins of the Northern Central 

Plateau. 's..0cttdeacw.cies eae eecieeceree DE Lig eee ae 4622 5.75.07% 0.01 
Central: Plateaus. .:5:<:e1 c/01s wtelearstoteinle se) ini= = LBSSPRS ses 52,024. sci =: 0.39 
Other Regions including Valley of 

Mexico and Suchiate River............ AAO. ee 68,954...... 0.52 
Totals ...5 ctccgoaceae soos mepieenes gees 1573294) odes 13,1 76:016. 2250 100.00 


territory in which natural humidity makes irrigation un- 
necessary and where it therefore is possible to use all surface 
waters to generate power. Some idea of the hydroelectric 
resources of Mexico are indicated in Table II, as gathered 


Table III. Horsepower Potentials of Several Countries 


Country Horsepower Potential 
Africa (Belgian’and French ‘Congos). .. . . 5 << ne neces cn esneenncus 124,664,879 
United. States.of America S20 ou. aces ccu side ce uien soe eis cote te areal 41,689,008 
Draia » ole ciareie: 015 ws min syn nian scaiscaietan ele ath lls aveiNin A ste emia eee tern ne 26,809,651 
Ghhimna ai. avaie sisisia eicis sty s/s 8 eines ale nistplatuin Siss\ers ela estes shia ee ere terete 20,107,239 
Catadass Socxl. vid frarinse Geist ets ke oles Mer ee Reins le Aalto terete 17,962,466 
RRuGSES 05 ig cs bias ¢ wine eo aeeia ie wlacane einen Su Ske k SOROS. Eee 15,951,743 
Were s divsiotss t8 Ss,8isis neers vate Re Ces Bay Mais & ks Eis cae SR em STETe 9,785,523 


by hydrologists in the Ministry of Hydraulic Resources. A 
comparison of the hydroelectric potentialities of Mexico 
with that of other nations is indicated in Table III. 

It has been estimated that 13,136,729 horsepower could 
be developed by utilizing available water and waterfalls 
which then could be used to generate 9,800,000 kw. How- 
ever, because of the continuous increased use of water for 
irrigation and other purposes, potentially only 9,785,523 
horsepower are available capable of producing 7,300,000 
kw. ‘To meet a demand of 7,300,000 kw, installations with 
a capacity of 19,571,046 horsepower are required, signifying 
a capital investment of $9,862,000,000.00 (2,000,000,000.00 
American dollars). 
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A 150-Kw Transmitter for Standard Band Broadcasting 


T. J. BOERNER 


HE DESIGN OBJECTIVE on a modern 150-kw 

transmitter, 540 to 1,500 ke per second, was a highly 
efficient, compact transmitter with fine performance. 
Ultimate operation and maintenance by personnel of 
limited technical skill was considered carefully. 

High level modulation, successfully applied in the past 
at lower and higher powers, was chosen as the best system 
to achieve economical operation with non-critical adjust- 
ment for top performance. Choice of high-power electron 
tubes, four each of the 9C27 type for power amplifier and 
modulator, and the 857B for rectifiers, reflects economic 
considerations as well as availability of standard types 
Use of the same type tube in the power amplifier and 
modulator reduces spares requirements and also allows 
rapid seasoning of spare tubes in the power amplifier before 
being placed in modulator service. Two high-power 
3-phase double-way rectifiers are used, one for power 
amplifier supply at 11.5 kv the other for modulator supply 
at 14.0 kv. Analysis of performance requirements versus 
available rectifier tubes indicated a substantial cost saving 
through use of two high-power rectifiers rather than a 
single rectifier at 11.5 kv. 

Radio-frequency circuits are single-ended from crystal 
oscillator through four intermediate amplifier stages and 
the 150-kw power amplifier. Lagging type pi networks 
with variable pressurized gas capacitors are used in the 
output circuits of the two high-power amplifiers to achieve 
good harmonic attenuation along with ease of tuning and 
output control. 

The audio-frequency system amplifies a plus 10-decibel 
program signal through a push-pull chain consisting of two 
high-gain voltage amplifiers, a zero-gain cathode follower 
driver amplifier (four type 828 tubes), and a final class B 
amplifier using four type 9C27 tubes delivering 90 kw for 
100 per cent modulation of the radio-frequency power 
amplifier. 

Stabilized inverse feed back is applied from the modu- 
lator output to the input stage to achieve low distortion 
with an economical tube complement. 

Figure 1 shows a scale model of the complete transmitter 
installed on a single floor. Total floor space back of the 
front panel is 53 feet 3 inches wide by 21 feet 3 inches deep 
including right hand and left hand access aisles. The 
rear equipment including oil-filled transformers and water 
cooling system can be located under the transmitter in a 
two floor installation requiring no more floor space. In- 
stallation details were worked out so that the complete 
equipment could be set up in an existing single floor or 
two floor building by using a standard type of overhead 


a EE 
Digest of paper 48-132, “A New 150-Kw Transmitter for Standard Band Broadcasting,” 
recommended by the AIEE communication committee and approved by the AIEE 
technical program committee for presentation at the AIEE summer general meeting, 
Mexico, Federal District, Mexico, June 21-25, 1948. Scheduled for publication in 
AIEE TRANSACTIONS, volume 67, 1948. 


T. J. Boerner is with the Radio Corporation of America, Camden, N. J. 
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wire duct, standard high-voltage bus work, and standard 
wall bushings. 

Figure 2 shows typical test floor performance at 150-kw 
carrier output on 640 kc per second. Total power input 
including all auxiliaries measured 325 kw with no modula- 
tion, 358 kw at 25 per cent, and 525 kw at 100 per cent 
modulation, well within design objectives. 

Other performance data and test floor operation proved 
that all design objectives were met with ample margin to 
allow for less ideal conditions in the field. 


Figure 1. Scale model of a single-floor layout showing access 
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Figure 2. Typical test floor performance, dotted lines indicating 
specification limits 
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The Starting of Single-Phase 
Hermetically-Sealed Motors 


RO REE TAL. 


FILLMORE 


ASSOCIATE AIEE 


BRIEF discussion of 

the starting character- 
istics of split-phase and 
capacitor-start motors will 
be necessary to introduce 
the function and duty of 
the starting device during 
the starting period. The 
curves for the two types of 
motors (split-phase and capacitor-start) are in general 
quite similar except for the current curves, and there- 
fore only the capacitor start characteristic curves will be 
shown. Figure 1 shows curves of torque and current in 
the main winding versus speed in revolutions per minute for 
a 1/4-horsepower 4-pole capacitor-start motor under the 
two conditions of operation of the starting winding, open 
and closed.1_ The curve of torque O (open starting winding) 
shows that no starting torque will be present unless the 
starting winding is closed, but that in the range of normal 
operating speeds the torque developed by the main winding 
is greater than the torque developed by the combination as 
shown by the curve torque C (closed starting winding). 
Figure 1 shows that after the speed of the rotor passes the 
point of intersection of the two torque curves, the torque of 
the starting winding reverses and become a deaccelerating 
torque. From the standpoint of the greatest torque devel- 
oped, it would appear that the starting winding must be 
connected when the motor is started from rest and continue 
to be energized up to the speed at which the two torque 
curves intersect and then be disconnected. 

The starting winding must be disconnected during normal 
operation to avoid overheating the starting capacitor or the 
starting winding in the case of the split-phase motor. The 
speed at which the two torque curves cross is not the same in 
all motors even of the same design, therefore, the switching 
usually is performed at some speed just below the cross over 
point. In the standard motor, the main winding alone will 
develop nearly as much torque as the combined windings at 
about 75 to 80 per cent of synchronous speed with an 
accompanying reduction in the power input to the motor. 
In general it is advantageous to have the starting winding 
opened or connected in the running position when the 
motor attains between 70 to 80 per cent of synchronous 
speed. ‘This gives a speed-torque curve as shown by the 
solid line in Figure 1. It is the duty of the starting device 
to connect the starting winding into the circuit when the 
rotor is at standstill and open the starting winding when the 


Full text of a conference paper, “The Starting of Single-Phase Hermetically-Sealed 
Motors,” presented at the AIEE Great Lakes District meeting, Des Moines, Iowa, 
April 1-3, 1948. 


Robert L. Fillmore is an instructor in the department of electrical engineering at 
the University of Minnesota, Minneapolis, Minn. 
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The operation of four principal starting devices 

now in use and a fifth phase-angle eddy-current 

relay is described. An analysis is given of the 

characteristics of each device and its effect on 

the starting characteristics of a single-phase 

induction motor of the split-phase or capacitor- 
start type. 
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rotor speed passes the maxi- 
mum torque speed of the 
motor. A very important con- 
dition which must be satisfied 
is that the relay contacts must 
not flutter when a capacitor 
start motor is started because 
of the danger that the start- 
ing capacitor may be dam- 
aged. Also, the accelerating torque of the motor will be 
greatly reduced by a fluttering contact in the starting 
winding. 

The most common type of starting device is the centrif- 
ugal type. There is a great variation in the design of the 
centrifugal switches in use, but essentially their operation 
is the same. Another type, the so-called current relay, 
operates on the change in magnitude of the current in the 
main phase of the motor. A third type is the potential 
relay, which operates on the voltage variation across the 
starting winding and is usable only on capacitor start 
motors. A fourth type is the thermal action relay. A new 
type of starting device is the phase angle relay. This device 
operates on the change of power factor of the main winding 
current as the rotor approaches normal running speed. 

The centrifugal-type switch is used on almost all general 
purpose motors. It usually consists of a set of flying weights 
counter-balanced by springs adjusted so that at the desired 
speed the weights move out operating the contacts of the 
starting winding. It has the advantage of low first cost and 
a minimum of maintenance expense. The centrifugal 
device operates the starting switch at the desired point on 
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Figure1. Torque and current characteristics of a 1/,-horsepower 
60-cycle capacitor-start single-phase motor 
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the speed torque curve despite poor voltage regulation. 
However, the centrifugal switch is not well adapted to 
motors to be used in certain special applications. 
example, when a multiple winding motor is used to obtain 
variations in speed, such as a 2-pole 4-pole 8-pole motor, 
three different centrifugal switches would be necessary to 
develop the best starting performance on all windings. If 
only one switch is used, it may be designed to operate at 
approximately 75 per cent of the lowest synchronous speed 
of the motor. When the motor is operated on the higher 
speed windings, the switch operates to open the starting 
winding at a low point on the main winding’s speed torque 
curve. In many applications, this low accelerating torque 
may be insufficient to bring the motor up to normal speed. 
In an alternate method utilizing a single starting switch, 
the switch must be designed to operate at about 75 per cent 
of the highest synchronous speed of the motor. In this 
instance, the motor must be started on the high speed wind- 
ing and then switched to the lower speeds. In the latter 
instance, the starting winding and starting switch are used 
only in conjunction with the high speed winding. 

A large field of motor applications where the centrifugal 
' switch in its simple form cannot be used is in the hermeti- 
cally sealed compressor motors. These motors are used in 
connection with refrigerator compressors and are exposed 
to both oil and refrigerant vapors within the motor shell. 
The starting circuit must not be interrupted within this 
‘motor housing. From experience, a special sealed centrif- 
ugal switch for this application has proved unsatisfactory. 

It is in the hermetically sealed motor field that the current 
relays and potential relays have been used to replace the 
centrifugal-type switch. These relays have the advantage 
of permitting operation outside of the sealed motor shell, 
being connected in the leads to the motor or across the leads. 
The current relay has one coil which is connected in series 
with the main winding of the motor as shown in Figure 2. 
A magnetic armature is maintained with the contacts in a 
normally open position. The contacts are closed by the 
initial current of the main winding when the motor first is 
connected to the line. As the rotor speed increases to 75 
per cent of synchronous speed, the current in the main wind- 
ing must decrease at least 15 per cent to operate the mag- 
netic relay armature and open the contacts of the starting 
switch. The contacts must be closed by the lowest starting 
current that the motor possibly will experience in service. 
At the same time, the rotor speed must not increase above 
the point where the torque curves cross before the contacts 
are opened, or the performance of the motor will be penal- 
ized. This may cause trouble in applications where line 
voltage variations are in excess of five per cent. On high 
voltage, the change over from the starting torque curve to 
the running torque curve takes place at speeds above the 
speed at which the two torque curves intersect and the 
motor may have insufficient torque to reach the speeds 
necessary to operate the relay. When the line voltage is 
low, the transition from starting to running connection takes 
place at speeds too far below the speed corresponding to 
the intersection of the two torque curves and the accelerat- 
ing torque of the running winding may not be sufficient to 
carry the motor up to normal speed. 
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Figure 2. Current 
relay connection 
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The potential relay is somewhat more favorable with 
respect to torque under poor voltage regulation than the 
current relay. The potential relay consists of a high resist- 
ance coil and a magnetic armature which is held in the 
normally closed position. When the relay is connected as 
shown in Figure 3A, both motor windings are energized by 
the line switch. As the rotor speed increases, a voltage is 
induced in the starting winding. The relay is adjusted so 
that, under normal voltage conditions, the contacts in the 
starting winding are opened at approximately 75 per cent 
of synchronous speed. The contacts then are held open by 
the induced voltage in the starting winding. With the re- 
lay connected in this manner, the starting winding will be 
reconnected when the rotor is stalled by an overload. This 
restarting cycle will destroy either the motor, the capacitor, 
or both, unless a protective device is installed in the circuit 
to open the line. The relay may be connected as shown in 
Figure 3B to eliminate the possibility of the motor restarting 
when stalled by an overload, until the line switch is opened. 
The starting winding contacts are held open in this instance 
by the line voltage across the capacitor and relay in series. 
The motor still should be protected by an overload device, 
but the capacitor is not endangered by frequent starts. 
The starting circuit may be opened at a low speed by the 
potential relay, but contrary to the current relay this occurs 
under higher than normal voltage, thus part of the torque 
that is lost by the early opening of the starting winding is 
gained by the increased line voltage. In the normal motor 
design, the effect of below normal line voltage on the action 
of the potential relay is small until the voltage drop becomes 
excessive. 

The thermal relay is used on a large number of the 
hermetically sealed motors. It operates on the line current 
of the motor. The starting contacts normally are closed 
when the line switch to the motor is switched to the “on” 
position. The motor then should start. A predetermined 
amount of time is allowed for the motor to reach normal 
running speed before the thermal element has heated enough 
to operate the relay opening the start winding circuit. 
There are a great variety of circuits using a thermal element 
to operate the starting switch. It has the advantage of 
simplicity and low initial cost, but there are also many dis- 
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Figure 3. Potential relay connections 
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advantages. One of the disadvantages is that the operation 
of the switch has almost no connection with the speed 
torque curve of the motor. 

It was in the search for an electrically operated relay to 
replace the centrifugal switch more effectively that a phase 
angle relay was investigated at the University of Minnesota, 
Minneapolis, Minn., by Professor John H. Kuhlmann and 
the author. This relay operating on the phase shift of the 
current to the main winding of the motor is applicable to 
both split-phase and capacitor-start single-phase induction 
motors. So far as has been determined, the operation of 
this relay is independent of the applied voltage within the 
limits usable by the motor. It, like the current and the 
potential relays, may be mounted outside the motor housing 
and connected in the circuit as shown in Figure 4A. This 
relay consists of two coils and an eddy current armature. 
The armature position is such that the contacts are nor- 
mally open. Closing the line switch starts the main wind- 
ing current flowing in the “series coil.’ ‘This closes the 
contacts to the starting winding and the motor accelerates. 
When the rotor speed reaches approximately 75 per cent of 
synchronous speed, the power factor of the main winding 
passes through unity changing from lagging to leading 
power factor. ‘This reverses the torque in the armature of 
the relay and the contacts of the starting winding switch are 
opened. An alternate method of connecting this relay, 
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Figure 5. Power factor characteristic of a !/,;-horsepower capaci- 


tor-start induction motor 
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| Figure 4. Phase angle relay con- 
nections 
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is given in Figure 4B. In this 
instance, the so-called “line 
coil” of the relay is connected 
in series with the starting 
winding of the motor. The 
contacts are closed by the force of the transformer action 
between the ‘‘series coil’’ and the eddy current armature. 
The contacts are opened in this connection when the phase 
relationship of the currents in the main and starting wind- 
ings reverse as shown in Figure 5. Figure 5 shows that the 
current in the starting winding becomes more lagging as the 
motor speed increases when the large starting capacitor is in 
the circuit. The current in the main winding changes at 
the same time from a lagging to a leading power factor. At 
about 70 to 80 per cent of synchronous speed the two cur- 
rents are in phase and the starting winding is switched to 
the running condition by the relay. 

The operation of this relay, like the centrifugal switch, is 
dependent mainly on the speed of the rotor. It has an 
advantage over the centrifugal switch, however, in that the 
speed which operates the phase angle relay is the per cent of 
synchronous speed, not actual speed. An advantage of 
the phase relay is that the point of operation of the starting 
switch varies as the torque curve of each motor varies. The 
same relay could be used on multiple speed motors and give 
good performance starting on all speed ranges. 

The relay coils can be wound easily for dual voltage 
motors with no extra connections to the motor. 

An outstanding advantage of the phase angle relay is that 
one relay may be used on a wide range of motors. That is 
to say, that phase angle relays may be manufactured in 
mass production for use on motors in size groups, such as 
one-quarter to one-half horsepower, one-half to one horse- 
power. In tests at the University of Minnesota the same 
relay satisfactorily started a 1/,-horsepower split-phase 
motor and a !/:-horsepower capacitor-start motor with 
starting loads varying from zero per cent to 250 per cent full 
load. ‘The relays need not meet close current specifications. 
Because of the theoretical condition governing the power 
factor, a motor with satisfactory torque characteristics will 
have the required power factor characteristics necessary to 
operate the relay. In mass production the cost of manufac- 
ture of this relay is estimated at less than one dollar. 

When rebuilding or repairing motors, it is sometimes very 
difficult or impossible to obtain the correct or a suitable 
centrifugal starting switch. ‘The phase angle relay will be a 
simple and economical solution to this problem in that it 
may be mounted anywhere on the frame of the motor and 
connected electrically in the circuit. 
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Resistance-Welding Equipment Considerations 


C. E. SMITH 


MEMBER AIEE 


HE METAL FABRICATING industry long has 

recognized the resistance-welding machine as a desir- 
able metal-joining tool and owing to the tremendous in- 
crease in the use of these machines and their processes dur- 
ing the past several years, more engineering information is 
desirable, not only to the resistance-welding manufacturers, 
but the electrical utilities and the users of resistance-welding 
equipment. 

Resistance-welding machines have an electrical load of an 
intermittent nature, high magnitude, and extremely poor 
load factor making it necessary to provide for adequate elec- 
tric service. Unless there is an understanding of the present 
types of correction devices and their effect upon the power 
supply system is known to all the interested parties, inade- 
quate power supply will result. In some instances, with the 
large and intermittent demands produced on the supply 
line, cyclic flickers may be created that become a nuisance 
to the power server and users of equipment with the result 
that utility engineers tend to discourage this type of a load 
or to force some other solution to the problem. The sudden 
and repeated flow of current to the welder through the im- 
pedance of the supply system causes an intermittent voltage 
drop, which if great enough in magnitude, may cause objec- 
tionable flicker of a lamp in the lighting system fed from the 
same portion of the system. 

At the present time, the resistance-welding machines are 
classified into direct-energy types and indirect-energy types 
as shown in Figure 1. 

Before final application and installation of these various 
types of welding machines and their correction devices is 
determined, the effects of the various secondary wave shapes 
with respect to welding must be known. The advantages 
and disadvantages of one system versus the other must be 
known so that application of the particular machine and its 
correction device is made properly. 

Because the installation of resistance-welding machines 
generally is determined by the permissible regulation of the 


total power system and not matching of thermal capacity, a 
discussion of the regulation characteristic of 3-phase and 
single-phase machines on a 3-phase line is necessary. In 
Figure 2 various types of correction devices are shown with 
an assumption of one per cent regulation on the same system 
(reasonably typical for machines of each type to do the same 
welding job) and a correction factor of three to one. 

The foregoing shows that considerable investigation must 
be made before determination of the correct type of resist- 
ance-welding machine and its correction device is made 
providing that its secondary wave shape produced this type 
of system is applicable to the welding specifications. 

The final selection of welding equipment must have the 
following considerations: 


1. The ability of the equipment to weld the specified material. 
2. The cost of the equipment. 


3. The voltage regulation imposed on the supply system by various 
types of machines. 


4. The cost of reinforcement of the present supply system versus the 
cost of the machines and their correction devices. 


5. The total of machines involved and their diversity factor. 


6. The rate of production of one system versus another keeping in 
mind the limitation of each system and the number of machines 
involved. 


The a-c single-phase machine generally is found the most 
economical if the power supply is adequate, if not, a com- 
plete study must be made of the total installation of power 
system before recommendation of a certain type of machine 
and its correction device versus power system of reinforce- 
ment. 


nnn nnnee EEE 


Digest of paper 48-180, ‘‘Resistance-Welding Machine and Power Supply,” recom- 
mended by the AIEE electric welding committee and approved by the AIEE technical 
program committee for presentation at the AIEE summer general meeting, Mexico 
Federal District, Mexico, Jume 21-25, 1948. Scheduled for publication in AITEE 
TRANSACTIONS, volume 67, 1948. 


C. E. Smith is chief electrical engineer with the Taylor-Winfield Corporation, Warren, 
Ohio. 
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Figure 2. A comparison of various types of corrective equipment 
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HE scheduled comple- 

tion on October 26, 1948, 
of the change in frequency 
from 50 to 60 cycles of the 
Southern California Edison 
Company system and its cus- 
tomers’ frequency-sensitive 
utilization equipment will 
bring to a close the largest 
program of its kind ever un- 
dertaken in the history of the 
electrical industry. 

The frequency of 50 cycles 
was established in southern 
California in the year 1893 
when a group of pioneer util- 
ity men placed into operation 
the first 3-phase hydroelectric 
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After a half century of operation and growth, 
the Southern California Edison Company is 
changing the frequency of its system from 
50 cycles to 60 cycles per second. Such a 
change, involving 700,000 customers, requires 
detailed advance planning and organization, 
engineering studies of all equipment that is 
sensitive to changes of frequency, acquisition 
of stocks of material, and training of personnel. 
With the assistance of five contractors, the 
company expects to complete the change on 
schedule in October 1948 after two years of 
actual conversion work. In this instance, many 
items of equipment could be used at the new 
frequency with only minor or no change, and 
the system henceforth can operate at the 
generally accepted United States standard 
frequency of 60 cycles. 


W. N. JOHNSON 


MEMBER AIEE 


c.L. SIDWAY 


MEMBER AIEE 


frequencies were standardized 
at 50 cycles. 

During these early develop- 
ments in southern California 
by the privately owned utili- 
ties, a number of municipally 
owned systems also were es- 
tablished in and around Los 
Angeles, principally in the 
cities of Burbank, Glendale, 
Los Angeles, and Pasadena, 
all of which developed at 50 
cycles. As a result, the major 
portion of the area in south- 
ern California, with the ex- 
ception of that of the San 
Diego Gas and Electric Com- 
pany, the territory served by 


generating units for commer- 

cial use in the United States, 

and it is believed, in the world. These units, consisting of 
two 250-kw 2,200-volt generators, were installed for local 
use near Redlands, Calif., a distance of approximately 75 
miles from Los Angeles. This early installation was the 
beginning of the development of a number of small and 
isolated systems throughout southern California, all of 
which developed at 50 cycles, and later merged with, or 
were acquired by, the Southern California Edison Com- 
pany. 

The decision of this pioneer group to use a frequency of 50 
cycles was based upon the economics of generating and 
transmitting electric energy for lighting and power pur- 
poses where the load centers were remote from the source of 
generation, and long distances of transmission were involved. 

At the time these early installations were made, there had 
been no standard established for the frequency of a-c genera- 
tion, as many of the utilities throughout the United States 
were experimenting with frequencies ranging from 25 to 133 
cycles, depending upon the class of service rendered. It 
was not until after the turn of the twentieth century that 
frequencies tended to standardize at 60 cycles in the United 
States, while in Europe and most of the rest of the world, 


Essential substance of paper 48-127, “Change of Frequency on the System of the 
Southern California Edison Company,” recommended by the AIEE system engineering 
and transmission and distribution committees and approved by the AIEE technical 
program committee for presentation at the AIEE summer general meeting, Mexico, 
Federal District, Mexico, June 21-25, 1948, and scheduled for publication in AIEE 
TRANSACTIONS, volume 67, 1948. 


H. W. Tice is vice-president in charge of operation and A, A. Kroneberg is senior 
electrical engineer; W. N. Johnson is manager, J. D. Enefer is assistant manager, 
E. E. Tugby is planning engineer, and C, L, Sidway is principal engineer of the fre- 
quency change department; all of the Southern California Edison Company, Los 
Angeles, Calif. 


the California Electric Power 

Company, and a small por- 
tion of the City of Los Angeles served by the Los Angeles 
Gas and Electric Corporation, developed at 50 cycles. 

With the introduction of Hoover Dam power and the 
acquisition by the Department of Water and Power of the 
City of Los Angeles of the properties of the Los Angeles Gas 
and Electric Corporation in 1936, that department changed 
the frequency of its system to 60 cycles. This also neces- 
sitated the cities of Burbank, Glendale, and Pasadena like- 
wise to change, as the department is the generating and 
transmitting agent for Hoover Dam power to these cities. 

Because the conversion of these cities to 60 cycles did not 
affect materially the operations of the Southern California 
Edison Company, it was not until the war was well ad- 
vanced that the company gave consideration to the change 
of its system to the higher frequency. This consideration 
was brought about because of the large amount of fre- 
quency-sensitive items of equipment installed during the 
war for which the company’s customers were required to 
pay premium prices for 50-cycle equipment, and it appeared 
this price situation would continue post-war. 

On June 8, 1945, the company’s executive committee 
authorized filing an application with the Public Utilities 
Commission of the State of California for authority to change 
the frequency of its system from 50 to 60 cycles. Following 
a public hearing, the commission, on July 27, 1945, issued 
its order directing the company to proceed with the estab- 
lishment of a uniform system-wide a-c frequency of 60 cycles 
and to cease rendering 50-cycle service at such time as it 
was in a position to render 60-cycle service in lieu thereof. 
The order further provided that the company assume, in 
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addition to the conversion costs of its own equipment, the 
reasonable direct costs of adapting customers’ appliances 
and equipment for proper operation at a frequency of 60 
cycles. 

The cost for the conversion of the company’s system and 
its customers’ utilization equipment now is estimated at 
$35,000,000, of which approximately $33,000,000 is 
chargeable to operations and the balance to plant. 


SCOPE AND SIZE OF CONVERSION PROGRAM 


From the beginning in 1893, the company expanded in 
less than 55 years to become the fifth largest privately owned 
electric utility in the United States in kilowatt-hours gener- 
ated. The service area covers approximately 18,000 
square miles with a system power demand in excess of one 
million kilowatts with an annual generation of approxi- 
mately six billion kilowatt-hours. The system serves 
directly some 75 incorporated cities and 150 unincorporated 
communities and outlying rural territories. It also sup- 
plies energy for redistribution to four municipalities at 50 
cycles and to three privately owned utilities on a wholesale 
basis at 60 cycles. The territory served includes large 
areas devoted to farming and fruit growing, much of which 
is made possible by irrigation. Among the more impor- 
tant industries served are the production and refining of oil, 
production of motion pictures, fruit packing, the manufac- 
ture of cement, rubber tires, chemicals, airplanes, oil well 
equipment, automobiles, and the production and fabrica- 
tion of iron and steel. In addition, the company serves 
two electric railways, the Pacific Electric Railway Com- 
pany operating a system of interurban electric lines in the 
vicinity of Los Angeles, and the Los Angeles Transit Lines 


operating electric streetcar lines and trolley busses serving: 


the City of Los Angeles. 

The number of customers as of December 31, 1947 
totalled 765,000, of which approximately 700,000 were 
served from the 50-cycle system now under conversion, and 
the balance at 60 cycles. The 60-cycle service area is 
located in the San Joaquin Valley where the company 
acquired the 60-cycle properties of the Mount Whitney 
Power and Electric Company in 1920 and since has con- 
tinued serving this area at this frequency. 

The foregoing briefly outlines the development of the 
Southern California Edison Company into a single inte- 
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grated system serving a highly developed agricultural and 
industrial area, and is set forth so that the reader may have 
some idea as to how and why the company’s system devel- 
oped at 50 cycles, and the magnitude of the work involved 
in converting its system to the now generally accepted 
United States standard frequency of 60 cycles. 

Physical conversion began September 6, 1946, and it is 
estimated that, as of June 1, 1948, the company will have 
completed the conversion of 525,000 customers,representing 
75 per cent of the total, and 1,600,000 horsepower of con- 
nected load, representing 78 per cent of the total project. 

The conversion is being made concurrently with an 
unprecedented load growth in the territory served, which 
requires the planning and construction of new generating 
and new step-down substations. The 1946-1947 season 
was one of subnormal precipitation on watersheds of the 
company’s hydroelectric developments and the 1947-1948 
season to date is even more deficient in this respect. Oper- 
ation at two frequencies and outages of steam-electric units 
for rebuilding tremendously complicate the problem of dry- 
year operation. Deferred maintenance and repair work 
that accumulated during war-time operations add their 
share to the complications of the system conversion. In 
spite of these complications, however, it is expected that the 
change from 50 to 60 cycles will be completed on schedule 
in October 1948. 


System Engineering and Operation* 


Preliminary engineering of the frequency conversion in- 
cluded investigations of existing equipment and its ability 
to operate at the higher frequency. The following are 
fundamental relationships involved in studies of frequency 
conversion: 


1. The frequency of a generator is proportional to the number of 
poles and to the speed of the rotor. 


2. The voltage is proportional to the flux and to the frequency. 
3. The reactance ohms are proportional to the frequency. 


4, The maximum power input to an inductive circuit with a variable 
resistance load is proportional to the square of the applied voltage 
and inversely proportional to the frequency. 


5. The centrifugal stresses in rotating parts are proportional to the 
square of the speed, that is, to the square of the frequency. 


PRIME MOVERS 


The investigation was begun with a study of prime 
movers and their performance at variable speed. Nearly 
all prime movers of generating units on this system are tur- 
bines. Typical characteristics of torque versus speed and 
power output versus speed of a turbine are illustrated in 
Figure 1. Normal speed and 120 per cent speed are indi- 
cated on the curves. It may be noted that at higher than 
normal speed the power output decreases. 

The input to an impulse turbine or water wheel is inde- 
pendent of its speed, hence the reduction of output at 
higher than normal speed is a loss of efficiency. This loss 
results from buckets leaving the line of action of the jet be- 


* Prepared by H. W. Tice and A. A. Kroneberg. 
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fore every bit of water completes its work upon the buckets, 
and therefore some of the water is not utilized. Where this 
loss is of sufficient magnitude to justify the cost of rebuilding, 
the wheel diameter is reduced and new buckets of altered 
design are installed. Some 14 water wheels out of a total 
of 54 are scheduled for rebuilding. 

In the radial-flow type of turbine the water is subjected 
to centrifugal forces. The centrifugal force opposes the 
flow of water in an inward-flow turbine so that, as the 
speed increases under constant head, the discharge tends to 
decrease. Thus, with a reduction of both input and out- 
put, the efficiency of the turbine may change little or not at 
all. In turbines operating under conditions of low head 
and large quantity of water, the increase of speed may 
introduce or intensify cavitation. The company is equip- 
ping the three 50-cycle units at Hoover Dam with new 
runners of smaller diameter and with fillers to fit them into 
the existing stationary parts; the other 12 turbines on the 
system require no major changes for operation at 60 cycles. 

Steam turbines are subject to additional complications 
when operated at the higher speed. The elastic limit of 
materials is reduced at the very high temperatures to which 
turbine blades are subjected. The increased centrifugal 
forces at the higher speed may exceed the elastic limit and 
may cause a permanent elongation of the blades (creep). A 
steam turbine rotor is a complex structure of disks and blades 
all having their natural periods of vibration. ‘The rotor is 
“detuned” for the normal design speed, that is, the disks 
and blades are designed for natural periods of vibration 
other than normal speed. The critical speed of the pre- 
cision-built highly efficient turbines is too near the 120 per 
cent normal speed to permit safe operation at the latter 
speed. Of the 11 steam-electric units operating on the 
system, three are old and relatively inefficient vertical units 
that cannot be operated at the higher speed, five are 60- 
cycle units being operated at 50 cycles, and three—the 
largest and latest of the 50-cycle units installed on the sys- 
tem, with capacities of 60,000, 100,000, and 100,000 kw— 
are having turbines rebuilt. 

There are five diesel-electric units, rated approximately 
5,000 kw each, in operation in a leased plant connected to 
the company lines. The engines were required to be oper- 
ated as near to their design speed as possible. The genera- 
tors were rebuilt from 50-cycle 36-pole machines to 60- 
cycle 42-pole machines. The operating speeds are 166.7 
rpm and 171.5 rpm, respectively, an increase of only 3 per 
cent. 


SYNCHRONOUS MACHINES 


Currents in windings of synchronous machines (genera- 
tors, condensers, and motors) have limiting values estab- 
lished by heat produced in the resistance of the windings. 
These limiting values are held unchanged for operation of 
the machines at the higher speed. However, maintaining 
field currents at the same values at either speed means 
operation at constant flux and the varying of voltage in 
proportion to the speed. ‘This increase in voltage, if it can 
be sustained on the existing insulation, is highly desirable 
from the standpoint of over-all system performance. 
Ohmic reactances are expressed as percentages or per unit 
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values for use in system-wide studies on a given kilovolt- 
ampere base. Those values represent the ratio of the EX 
drop to the rated circuit voltage E. Since X varies with the 
frequency and J for a given base varies inversely as the volt- 
age E, it is apparent that the per unit value of reactance 
varies directly as the frequency and inversely as the square of 
the voltage. Low reactance is the prime factor in the steady 
state stability of a power system, and is second only to high 
speed of fault clearing in the transient stability of the system. 
The maximum increase of voltage on synchronous machines 
permitted by insulation levels and by available transformer 
ratio taps is being made at the time of change to 60-cycle 
operation. 

Another important factor in the transient stability of a 
power system is the inertia constant of a synchronous ma- 
chine derived from its WR? and speed. It may be defined 
as the time required for the machine to decelerate from full 
speed to a complete stop with rated torque acting through 
the entire period of time. With full speed increased to 6/5 
of the original speed, WR? unchanged, and rated torque 
reduced to 5/6 of the original torque, the time to come to a 
stop or the inertia constant is increased to 144 per cent of 
the 50-cycle value. Further analysis of the inertia constant 
and its effect on machine performance reveals that it takes 
20 per cent longer for a machine to reach a displacement in 
phase angle of the same number of electrical degrees at 60 
cycles than it does at 50 cycles. The effect of increased fre- 
quency upon inertia constants of synchronous machines is, 
therefore, inherently stabilizing and beneficial to the power 
systems. 

The shafts and rotors of synchronous machines are sub- 
jected to mechanical stresses and torques. The torques are 
decreased with increased speed of operation. . Centrifugal 
forces, however, increase as the square of the speed. The 
rotor structures of rotating machines therefore must be 
checked for factors of safety used in their design and strength- 
ened or replaced if factors of safety are not deemed to be 
adequate. Particular attention is paid to stresses in dove- 
tails and in pole tips of salient-pole synchronous machines. 
Water wheel generators are designed to withstand a run- 
away speed which is nearly double the normal speed. 
Operation of water wheel generators at 120 per cent rated 
speed is therefore feasible and safe. Steam turbogenera- 
tors are not expected to be subjected to speeds in excess of 
110 per cent normal because of prime mover design limita- 
tions. In view of the importance and the size of the three 
steam-electric units for which turbine parts have been pur- 
chased, they also are being equipped with new generator 
rotors. 

Synchronous condensers are required by AIEE Stand- 
ards to be able to withstand a 25 per cent overspeed. A 
study of 19 50-cycle machines on the system disclosed fac- 
tors of safety ranging from 2.5 to 6.0, which are reduced to 
70 per cent of their original value when the machines are 
operated at the 60-cycle speeds. Proper weight was given 
in the study to the age and condition of machines, and to 
the possibility of obtaining increased capacity economically 
through complete rebuilding. The program includes the 
complete rebuilding of two 30,000-kva units to increased 
capacity of 45,000 kva each, the purchase of new rotors for 
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five, and the purchase of sets of new poles for rotors of four 
synchronous condensers and two machines comprising a 
frequency changer. The 60-cycle machine of this fre- 
quency changer required new poles because it was not de- 
signed for starting and a starting winding was necessary for 
operation as a synchronous condenser upon completion of 
frequency conversion. 

The bearing losses in synchronous machines increase as 
approximately the 3/2 power of speed. In ring oiled bear- 
ings, more oil is carried by the rings at higher speed to cool 
the bearings. Experience of other utilities and that of the 
company indicates that performance of bearings at the 
higher speed is unpredicatable, but in general, satisfactory 
and occasionally even improved over original performance. 
Direct-connected and motor-driven exciters operating with 
voltage regulators are expected to give satisfactory perform- 
ance at 60-cycle speeds. Necessary reinforcing of com- 
mutators or notching of pole pieces are details left for 
determination by tests and detailed engineering. 


TRANSFORMERS AND LINES 


It is intended to operate power and distribution trans- 
formers on the system at the same voltage at 60 cycles as at 
50 cycles. The voltages are determined by insulation levels 
of transformers, busses, transmission and distribution lines, 
and other equipment. Since voltage is proportional to 
frequency and to flux, an increase in frequency will result in 
a reduction of flux and flux density. A reduction in flux in 
turn means reduced magnetizing current and reduced 
hysteresis loss. No detectable changes are expected in 
copper losses and eddy current losses as a result of in- 
creased frequency. The reduction in core loss permits an 
increase of voltage to 107 per cent and a corresponding 
increase in rated kilovolt-amperes. Similarly, if voltage 
remains unchanged, the load current may be increased to 
103 per cent with a corresponding increase in rated kilovolt- 
amperes. Tests on representative distribution trans- 
formers indicate a reduction of core loss at constant voltage 
of a little less than one watt per kilovolt-ampere of trans- 
former capacity. Transformer reactance, of course, will be 
increased to 6/5 of the 50-cycle value and there will be a 
corresponding increase in regulation. 

Characteristics of transmission and distribution lines will 
be affected adversely by the change of frequency. React- 
ance and susceptance per mile of line increase with the fre- 
quency. Both values enter in transmission line calculations 
in such a manner that, disregarding effects of conductor 
resistance, it may be said that a 60-cycle transmission line 
has approximately the same characteristics as a 50-cycle 
line 20 per cent longer. Stated differently, it means that 
the change of frequency is equivalent to increasing the dis- 
tance of transmission. On short lines of low and medium 
voltage, it is merely an increase in impedance and regula- 
tion. On long high-voltage lines, it also means increased 
requirements of kilovolt-amperes capacity for charging the 
line. The per cent increase of charging kilovolt-amperes is 
more than the per cent increase of frequency, but less than 
the per cent increase of the square of the frequency, which 
means a value between 120 and 144 per cent of the 50-cycle 
value. The per cent increase of voltage rise along an un- 
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loaded line also will be considerable. As an illustration, 
the voltage rise along a Hoover-Chino 220-kv line is 10 per 
cent at 50 cycles, and is 15 per cent at 60cycles. The resist- 
ance of aluminum-cable steel-reinforced conductors in 
use on the company’s high-voltage transmission lines will be 
increased approximately 0.7 of one per cent as a result. of 
skin effect. 


SYSTEM STABILITY 


The term “‘power system” is applied to the combined 
interconnection of generators, transformers, transmission 
lines, and synchronous condensers. The power system 
combines characteristics of its component parts into charac- 
teristics of its own. The more important of these are the 
steady state and the transient stabilities. Studies were 
made to determine the extent to which increased voltage of 
synchronous machines and the corresponding decrease in 
their per unit reactances were able to offset the increase in 
transformer and transmission line reactance. The effects 
of the frequency conversion upon the steady state stability 
of the company’s system are illustrated by the following two 
summations of reactances of generators, transformers, lines, 
and remaining system: 


50 cycles: 0.60-+0.11-+0.47-+0.26 =1.44 
60 cycles: 0.53+0.13+0.56+0.26 =1.48 


The ratio of the two summations, 0.97, indicates an ap- 
proximate loss of 3 per cent in steady state stability resulting 
from the change of frequency. Studies of transient sta- 
bility indicate that although transient reactances of the 
branches of the system show a net increase of approximately 
10 per cent, the permissible time of clearing a fault has in- 
creased 20 per cent owing to increased inertia constants, the 
net result being practically the same transient stability 
within the practical range of fault clearing of 0.2 to 0.5 
second. 

The preliminary engineering studies outlined in the fore- 
going paragraphs determined the major items of change in 
system equipment and were followed by detailed engineer- 
ing of the changes. This included preparation of specifica- 
tions, ordering of equipment and parts, investigation and 
engineering of changes in auxiliaries and accessories, and 
scheduling the work of conversion. 


SYSTEM OPERATION 


With equipment to be rebuilt designated by the engineer- 
ing studies, and the outage times for rebuilding estimated 
from best available information, it was necessary next to 
develop a master plan for operation of the system during 
the conversion of frequency. The conversion, requiring a 
minimum of two years to carry out, had to be co-ordinated 
with system expansion called for by the rapidly growing 
load. Contractual obligations and limitations of inter- 
connections with adjacent utilities introduced additional 
complications in the planning of operations. The master 
plan had to be flexible enough to allow for possible delays 
in obtaining materials without disruption of conversion 
schedules. 

The system may be described as follows: The backbone 
of the system is a 220-kv 3-circuit transmission line shaped 
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like aright angle L. The bulk of generation is divided into 
three almost equal groups. One, Big Creek, a group of 
hydroelectric generators, is located at the top of the L in 
Fresno county; the second, Hoover, a United States Bureau 
of Reclamation project on the Colorado River, is con- 
nected to the other end of the L; and the third, Long 
Beach, is a group of steam-electric generators clustered at 
the apex of the right angle. The distance from Long Beach 
to either of the hydroelectric groups is approximately 280 
miles. Fourteen substations break up the transmission 
line into 28 sections not counting the line of the Metropoli- 
tan Water District of Southern California, which is used 
jointly by the district and the company. ‘Two of the sub- 
stations (Pisgah and Gould) are switching stations only; 
five substations, (Piedra, Rector, Vestal, Magunden, and 
Highgrove) are stepdown substations supplying 60-cycle 
power to the San Joaquin Valley load of the company and 
to interconnections with other utilities; and seven substa- 
tions, (Saugus, Eagle Rock, Laguna Bell, Lighthipe, La 
Fresa, Chino, and Barre) are 220-66-kv stepdown substa- 
tions supplying the main part of the company’s load. This 
part, approximately 90 per cent of the total, is the 50-cycle 
load being converted to the standard frequency of 60 cycles. 
Each of these seven major substations is a source of power 
for one or two subtransmission systems of 66-kv transmis- 
sion lines and stepdown substations. There is a total of 
some 90 such stepdown substations involved in the change 
of frequency, ranging from a simple line tap and a trans- 
former to a switching and stepdown substation with a 10- 
position double bus arrangement. Transformers at the 
substations step the voltage down to 16.5 kv or 11 kv for 
high-voltage distribution, and to 4 kv or 2.4 kv for primary 
distribution and for customer distribution systems. There 
are some 110 substations stepping voltage down from high- 
voltage distribution to 4 kv primary distribution, some 900 
substations supplying individual customers, and 90,000 line 
transformers for supplying 700,000 customers. Approxi- 
mately 1,100 distribution and primary circuits in the 50- 
cycle areas are subject to independent switching at a bus 
and represent the minimum unit for simultaneous switching 
from 50- to 60-cycle service. 


MAIN SYSTEM 


In planning the conversion of generating plants to 60 
cycles, it was desired to convert each of the three major 
sources of generation in proportion to the demand of the 
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converted load. This, however, was not entirely feasible 
because of the large size of some generating units and capac- 
ities of transmission lines which made rather large steps of 
conversion, and because of the long outages for rebuilding 
which required a staggering of conversion schedules. 
Some flexibility in the planning of generation during con- 
version was obtained from the ability of some units to 
operate satisfactorily at either frequency with a minimum 
of adjustments. All units at the Big Creek plants can be 
changed from operation at one frequency to the other in a 
short time; a 90,000-kw unit at Hoover Dam can be oper- 
ated at either frequency; an 82,000-kw steam unit at Long 
Beach is equipped with two governors and can be switched 
from one frequency to the other without bringing it to a 
stop. Units at Long Beach totaling 23,000 kw, can be 
operated at either speed following a shutdown for changes 
in governor weights. Additional flexibility in the planning 
of production was provided by two 50,000-kw frequency 
changers at Chino and Highgrove substations made up of 
pairs of synchronous condensers coupled together for this 
service. 

It was intended originally to divide the 220-kv backbone 
into two systems operating side by side, one at 50 cycles and 
the other at 60 cycles, the two being interconnected through 
the two frequency changers. The company operates high- 
voltage interconnections with several adjacent 60-cycle 
utilities. In the north, near Big Creek, the interconnection 
is with the two-million-kilowatt system of the Pacific Gas 
and Electric Company. In the south, the interconnections 
are with the Metropolitan Water District and Arizona 
utilities, the Department of Water and Power of the City 
of Los Angeles, the San Diego Gas and Electric Company, 
and the California Electric Power Company, all adding up 
to more than a million kilowatts. Delay in obtaining and 
installing equipment for tie line control made it necessary 
to divide the backbone into three, rather than two, separate 
systems. One of these is the remaining 50-cycle system, the 
second a 60-cycle system identified with the Pacific Gas and 
Electric Company, and the third, a 60-cycle system identi- 
fied with the Metropolitan Water District line. 

The arrangement of the subtransmission systems dictated 
the division of the territory served at 50 cycles into nine 
conversion areas. ‘The sequence of conversion was deter- 
mined by the needs of the conversion of customer equip- 
ment within limitations of the ability to operate the system 
in such a sequence. 

Figure 2 shows a schematic diagram of the 220-kv back- 
bone of the system. The west line from Big Creek to 
Magunden and the Metropolitan Water District line from 
Hoover through Highgrove to Chino were operating at 60 
cycles prior to the beginning of conversion. The west Big 
Creek line was extended to Saugus for the conversion of 
areas 5 and 6, then to Laguna Bell for conversion of area 8. 
Area 1, at the same time, was converted to 60 cycles and 
transferred to Highgrove substation. The conversion of 
area 2 and of a 100,000-kw unit at Long Beach permitted 
the linking of all generating sources with a 60-cycle line by 
switching sections to make one Laguna Bell-Lighthipe-Long 
Beach line and one Hoover-Pisgah-Chino-Barre-Lighthipe 
line. After this, the 60-cycle system gradually is increased 
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by transfer of line sections from the 50-cycle system. Load 
_ checks were made from time to time in order to keep control 
of loading of transmission lines and of transformer banks. 


SUBTRANSMISSION SYSTEM 


It is impossible to review in detail all the line arrange- 
ments and switching procedures planned and executed for 
the conversion of the subtransmission systems to 60 cycles, 
but some of the methods used in the planning of switching 
facilities and some exceptional installations deserve descrip- 
tion. One of the principles of planning was to progress 
with conversion along the outside of loops formed by 66-kv 
transmission lines. Nearly all major substations and eight 
of the stepdown substations are equipped with double 66- 
kv busses with each position connected to each bus through 
an oil circuit breaker. It is a simple matter of assigning 
one bus to 60-cycle service and the other to 50-cycle service 
for the period of operation at two frequencies. Twenty of 
the 90 stepdown substations are simply transformer banks 
tapped from a line. These substations are usually of low 
capacity and, with the line, are switched over to 60-cycle 
service in one operation. Twenty-four substations have 
single bus or ring bus arrangement of switching facilities. 
These substations have no more than two line terminals 
and two banks of transformers to handle, and separation of 
lines and transformers can be made without temporary con- 
nections. An operating bus and a transfer bus arrangement 
is the prevailing arrangement at the substations of the com- 
pany, it being used at 38 substations for 66-kv bussing and 
being the standard arrangement at the lower voltages. 
When the number of positions on such a bus exceeds five, it 
is usually necessary to install temporary connections for 
operation at two frequencies. The preferred practice is to 
string a temporary “cutover” bus parallel to the operating 
bus and to connect to this bus through disconnecting switches 
all circuit breakers except those scheduled for the last day of 
conversion. 

It is not always possible to make installations of tem- 
porary busses at a substation, owing to lack of space and 
obstructions of various kinds. In such cases, a study is 
made and some other means devised for accomplishing the 
necessary switching. A cut in the operating bus at some 
ten locations permitted the operation of the stations at two 
frequencies. ‘The transfer bus was used as a cutover bus at 
a number of locations where the time of conversion was of 
short duration. The diagrams of Figure 3 illustrate tem- 
porary connections of a circuit to the temporary cutover bus 
and temporary connections to the transfer bus when the 
latter is used for conversion. 

Among the problems of line and bus switching, two are 
believed to deserve attention—the installation of a third 66- 
kv bus at La Fresa, and the method of conversion of area 2. 
La Fresa substation is located in a zone subject to insulator 
contamination from salt-bearing mist from the Pacific 
Ocean and fumes from oil refineries and synthetic rubber 
plants. It has been the practice at this substation to clean 
insulators supporting the 66-kv busses every four months. 
This requires alternate outages of the two busses, which is 
feasible when operating at a single frequency. The sub- 
station was scheduled for operation at two frequencies dur- 
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ing 12 consecutive months and, it being a source station, no 
bus outages could have been arranged during the year. For 
this reason, a temporary 66-kv bus was constructed parallel- 
ing the length of the north bus and connections were made 
to it from 14 lines in a manner similar to connections made 
to cutover busses at other substations. 

At Barre substation, one 75,000-kva transformer bank 
supplies area 2. ‘The 60-cycle source of power for the area 
was established at Chino substation, some 25 miles distant, 
and two 66-kv lines were routed into the area by means of 
temporary connections at crossover points and bypass con- 
nections at some substations. Approximately half the load 
in the area was converted to 60 cycles by progressive switch- 
ing to these lines. At this point, the remaining 50-cycle 
load was transferred to Lighthipe substation through simi- 
lar line changes, thus completely relieving Barre substation. 
The substation then was switched to 60 cycles with the 220- 
kv line sections and busses. It was again loaded with its 
60-cycle load switched back to it from the Chino lines, and 
the conversion was completed by progressive switching of 
converted load from Lighthipe to Barre substation. 

The method of conversion of area 2 illustrates the method 
commonly used in converting substations with one bank in 
service when sufficient spare capacity is available at adja- 
cent substations, and when sufficient circuit capacity is 
available between substations to carry the load. When 
such capacity is not available, it is necessary to install tem- 
porary transformer banks to provide the needed capacity 
and frequency. Temporary transformer bank installations 
were required at 16 of the 66-kv stepdown substations and 
at many of the 16.5—-4-kv and 11-4-kv substations. The 
company purchased two 3,000-kva mobile substations with 
taps suitable for operation at 16.5—4-kv or 11—4-kv substa- 
tions. These mobile units are currently in service as tem- 
porary 60-cycle banks at substations under conversion. 
They are scheduled to remain at various locations from two 
to five weeks and to be in transit an average of one week. 

System operations for frequency conversion are con- 
ducted under the direction of a 3-man committee. This 
committee plans the operations in accordance with the 
requirements of the frequency change department and co- 
ordinates them with regular system operations. It designs 
the required temporary connections and programs the 
switching procedures. The temporary connections are 
installed by the maintenance and construction crews of the 
operating department and all the switching is performed 
under the direction of the system dispatcher. 


Conversion of Customers’ Equipment* 


Immediately following the order of the Public Utilities 
Commission to proceed with the conversion of the com- 
pany’s system to the higher frequency, a separate frequency 
change department was organized to handle all phases of 
the project pertaining to the conversion of customers’ equip- 
ment. 

This department was organized on the basis of contract- 
ing the preponderance of the conversion work to local 


* Prepared by W. N. Johnson, J. D. Enefer, E. E. Tugby, and C. L. Sidway. 


871 


concerns so as to avoid taking onto the company’s payroll a 
large number of employees whose services, of necessity, 
would be terminated at the conclusion of the project. 
Accordingly, five major contracts were awarded. The 
Bechtel Corporation and the Stone and Webster Engineer- 
ing Corporation were employed to perform the survey, 
engineering, and conversion of commercial and industrial 
customers’ equipment; the California Electric and Main- 
tenance Company, the survey and adaptation of domestic 
customers’ appliances and equipment; the Fluorescent 
Maintenance Company, the adaptation of fluorescent and 
mercury vapor lighting units; and the California Electric 
Service Stations, the adaptation of electric clocks and timing 
devices. 

The principal functions of the frequency change depart- 
ment are to co-ordinate the activities of the contractors’ 
organizations, and to establish the rules, regulations, and 
policies covering the manner and extent of changes required 
to be made in the equipment of its customers. In addition 
to these functions, the department also handles all customer 
relation problems, newspaper releases, processing of records, 
mailing of pamphlets and cutover notices, operation of 
clock depots for the exchange or cycle-change of clocks, 
scheduling of the cutover of feeders, review of purchases 
and subcontracts made by the contractors, review of the 
engineering determinations and conversion methods em- 
ployed by the contractors, development of basic engineering 
changes required to be made in specialized items of equip- 
ment, and accounts for the costs of the project. The only 
physical work of conversion performed by employees of the 
department is the changing out, relagging, and testing of 
watt-hour meters installed on the customer’s premises, and 
the testing and adaptation of deep-well turbine pumps. 

The number of employees engaged in frequency change 
work by the contractors and the frequency change depart- 
ment at the peak of operations approximated, 1,777, of 
whom 651 were employed by the department. 


BASIC RULES, REGULATIONS, AND PROCEDURES 


In ordering the company to proceed with the conversion 
of its system to a uniform system-wide frequency of 60 
cycles, the Public Utilities Commission required the com- 
pany to assume, within reason, the direct costs of convert- 
ing its customers’ appliances and equipment for operation 
at the new frequency, but declared that the adaptation of 
customers’ equipment was a joint undertaking to be 
assumed by both the company and its customers, and 
that the company in providing such assistance to 
its customers must be governed by uniform non- 
discriminatory procedures. ‘The commission further re- 
quired the company to prepare a “frequency change 
manual” setting forth the policies, procedures, and basic 
engineering data to be followed in the adaptation of cus- 
tomers’ equipment, and to place this manual on file for 
public inspection in each of the company’s district offices. 
The following are excerpts from the “‘rules and regulations”’ 
as approved by the commission: 


The company, except as otherwise herein provided, has the responsi- 
bility for adapting customers’ utikization equipment to render it 
capable of performing essentially the same service when supplied 


872 


Figure 3. Tempo- 
rary connection for 
switching circuits 
from 50 to 60 cycles 


60 ~ 


150399 


A—From operating to 
temporary bus 
B—From operating to 
transfer bus 


60 


(A) (B) 


from a 60-cycle system as that previously obtained when supplied 
from a 50-cycle system. 


The company, or its contractors, will make the necessary changes 
required to adapt the customers’ utilization equipment in accordance 
with the company’s engineering determinations. The customer, 
without charge, will make his utilization equipment available for 
adaptation and provide necessary assistance to avoid delays during 
the progress of the work. 


The cost of additions, betterments, repairs, or maintenance of cus- 
tomers’ utilization equipment is not a part of the reasonable cost of 
adaptation. Any such work shall be performed at the expense of 
the customer. 


A customer may assume the responsibility of adapting his utilization 
equipment and in such case the company will make a conversion 
allowance in lieu of adaptation. 


In exceptional cases or unusual circumstances where utilization 
equipment cannot be adapted for 60-cycle operation at a reasonable 
cost because of its condition, age, inadequate, obsolete, or non- 
standard design, the company will make a conversion allowance in 
lieu of adaptation. 


Rotating equipment will require adaptation only if it is speed critical 
and in such cases mechanical changes generally will be made in the 
drive or driven equipment. Where mechanical changes are, in the 
opinion of the company, not practicable, electrical changes will be 
performed. 


The company’s responsibility for the adaptation of the customers’ 
utilization equipment shall cease and terminate 60 days after the 
date of cutover, except as otherwise provided in this rule and regula- 
tion. 


In the event any customer’s equipment is damaged, as a result of 
the conversion to a frequency of 60 cycles, the company and its 
contractors will be liable only if such damage is due to the negligence 
of the company, or its contractors, Such liability shall be limited to 
the repair of the damaged equipment. 


The company and its contractors shall not be liable for loss or damage, 
including but without limitation, loss of use, production, or profits 
resulting from the adaptation of the customers’ utilization equipment, 
or from the conversion of the company’s system to a frequency of 
60 cycles, except as provided in the paragraph immediately preceding. 


PLAN OF CONVERSION 


The plan of conversion as originally submitted to the 
commission under the company’s application contemplated 
that it would require approximately one year for organiz- 
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ing, scheduling, and pre-engineering the work, and 31/, years 
for the physical conversion, with the project scheduled for 
completion by the middle of 1950. Subsequent studies 
developed the fact that, because of the unprecedented load 
growth and increase in population in the territory served by 
the company, important savings could be effected by short- 
ening the physical conversion to two years. Accordingly, 
the program was revised to proceed with the conversion in 
two areas simultaneously, with completion scheduled for 
October 26, 1948. 

As mentioned previously, the system was divided into 
nine geographical areas, with each served from a major 
220-kv substation. A distribution feeder was established 
as the basic unit for conversion. Studies were made by 
classification and number of customers, the horsepower of 
the connected load of each, and the number of deep-well 
turbine pumps connected to each feeder, and from these 
data, area cutover schedules were established so as to provide 
an optimum work load for the several contractors. De- 
tailed feeder cutover schedules then were prepared for each 
area and referred to the company’s operating department for 
review and determination of the switching and load-carry- 
ing requirements, together with the required transmission 
and distribution line and station switching sequences. 
The unprecedented load growth experienced by the com- 
pany since the cessation of hostilities has necessitated careful 
planning to co-ordinate the frequency change cutover 
schedules with the company’s distribution and transmission 
system construction program. The many different opera- 
tions of the several contractors involved in performing fre- 
quency change work has made adherence to the feeder cut- 
over schedules imperative once established, changes in 
these schedules being made only in emergencies, or when it 
is found that the frequency change program can be ex- 
pedited by revising the schedules. Present schedules call 
for the cutover of 1,151 feeders in 378 separate cuts or an 
average of three feeders per cut. The number of customers’ 
cutover range from one to a maximum of 6,123, with an 
average of 1,850 per feeder cut. The horsepower of con- 
nected load cutover at any one time ranges from approxi- 
mately 500 to a maximum of 35,310, with an average of 
5,430. 


BASIC PROCEDURES 


One of the most important phases of the program is the 
establishment and control of the flow of the enormous 
quantity of paper required to co-ordinate the activities of 
the various groups involved in effecting the conversion, so 
that, at the time of cutover of each customer, all of the work 
necessary for the proper conversion of the customers’ equip- 
ment to the new frequency has been accomplished. Work 
flow charts were prepared and used as a base to control all 
operations of the project. These flow charts show the point 
of initiation of each item of paper, the action to be taken, 
the detailed forms to be prepared and processed, the lines of 
flow for each form, and the final disposition. Early studies 
indicated the only way in which the records could be 
handled practicably and economically was by the use of a 
punch-card and automatic sorting and tabulating machine 
system. As this was a unique application of tabulating 
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machine operations, the records section had to develop new 
and unusual methods and procedures. It was determined 
that the conversion could best be handled by grouping 
customers into four general classifications, namely, the fol- 
lowing: 

Class 1—Agricultural power customers having deep-well direct- 
connected turbine pumps. 


Class 2—Industrial customers with a connected load in excess of 50 
horsepower. 


Class 3—Commercial and small industrial customers with a connected 
load of less than 50 horsepower. 


Class 4—All domestic customers. 


Each customer is assigned a frequency change number with 
17 digits which identify the customers as to area; the sub- 
station source of the feeder from which served; the feeder; 
the commercial district in which the customer is located; 
the meter read book; the customer’s folio or account num- 
ber; and the classification of his account. The following 
illustrates a typical frequency change number: 


Meter Book Folio 
105 


Feeder District 
4 07 07 31 


Area Substation Classification 


11211 4 


The customer’s frequency change number controls 
throughout the entire sequence of operations. For ready 
reference in handling customers’ telephone calls in the area 
under conversion, an alphabetical list is prepared for each 
district, showing the customer’s name, address, and fre- 
quency change number. 

Operations are initiated by transcribing to a machine 
record card data on each customer from the company’s 
district office records, together with the feeder from which 
the customer is served. From these data, a master record 
card is punched and the flow of the necessary paper is com- 
menced. It is estimated that during peak operations, 
approximately 712,000 cards per month will be processed 
through the records section with a total of 11,200,000 cards 
for the project. 

Customer records are established 12 months in advance 
of cutover. This allows 4 months for the processing of 
records and 8 months for the survey and procurement of 
materials and the scheduling of the cutover with the cus- 
tomer. After these records have been set up in the records 
system of the frequency change operations, the local district 
offices, from which the customer records are obtained, are 
required to keep the frequency change department advised 
of any change in status of their customers, with the excep- 
tion of domestic customers. Because of the relatively large 
number of changes continually occurring in the moving in 
and out of domestic customers on the company’s system, no 
attempt is made to maintain the initial records of these 
customers prior to 60 days before cutover. At that time a 
recheck is made of the district office records of all customers 
connected to each feeder, and from this date on to the date 
of cutover, no changes are permitted to be made in the 
feeder system except under emergency conditions. This 
lead time of 60 days is maintained so that the mailing pieces 
outlining the company’s program of conversion and the 
notices of cutover setting forth the date and hour of conver- 
sion can be directed to each customer in advance of the 
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changeover, and the contractors’ forces scheduled to the 
customer’s premises for the conversion. 


PILOT CUTOVER 


In order to try out the plan of conversion and to test the 
procedures developed for surveying and adapting custo- 
mers’ utilization equipment, a small area was isolated from 
the 50-cycle system and cutover to 60 cycles early in 1946. 
This involved the cutover of about 4,400 customers with a 
connected load of 1,008 horsepower. The experience 
gained from the cutover of this pilot area proved invaluable 
in developing final conversion plans, procedures, and tech- 
niques. 


FUNDAMENTAL ENGINEERING PRINCIPLES 


Table I shows the connected load of the system together 
with an estimate of the number of items of equipment to be 
converted for 60-cycle operation. Included in these items 
are every type and kind of electrically driven or operated 
device, ranging from electric clocks to the largest steel mill 
motor drives. The application of engineering principles to 
the determination of the changes required to be made for 
the adaptation of the many thousands of different kinds, 
types, and makes of frequency-sensitive equipment and 
devices for operation at a higher frequency is not an exact 
science. It is a combination of fundamental theories, 
judgment, and experience. The engineers responsible for 
determining the adaptation required toreproduce at 60cycles 
essentially the same performance which obtained when 
operating at 50 cycles have no control over the use, or 
application of the equipment, or of its mechanical or elec- 
trical condition at the time of adaptation and, accordingly, 
must consider many factors, in addition to the theoretical 
engineering principles involved, in determining the appro- 


Table I. Summary of 50-Cycle Customers, Connected Horse- 
power, and Items of Equipment Requiring Survey, Engineering, 
and Conversion 


To Be Surveyed To Be 
and Engineered Converted 
Customers 
Agriculturals scales cal cvayceatercrsialy colette eta anne TsO cass van car suseees 7,440 
End uistrial hie are se. etete oa are els ete Seer Sette tare CoM ase BO3420 ns wena ane 30,426 
Gomumencial 52%, seas bcos arate ies, = Siesalaresoieltes’ « elioneteag 82134555 lecterione 82,134 
OMICS Cn sepia acute sen Aci rciaesetetacha eevee eit. epee DOO OMU ss eis e'te. css 580,000 
MO GAY sir os suscep dlaseaaiisuolercicyo ipo wtateseieie ated eaaveas oes iene FOB OO iia acheunns 700,000 
Horsepower 
50-cycle industrial and commercial power load.......2,196,800.......... 1,390,800 
Per centwmo changer. terry terete ee - at ware Bi anna eee Ih aie 36.5 
Items of customers’ equipment 
otal items: (all customers)/o.\4.- las sriteataen ner veel sO 00k setae 994,250 
Rericent:tno/changelte niin s acted « sel Reto Teneo tea 53.4 
Included in these items are 
Domestic washing machines..............+00+00: BOI;000M Fenner 24,600 
Domestic refrigeratorsiinnicccieelaan cin annie mieeiee 352:000 teri saat 55,400 
Blectric phonographs....<siiese vieienre +s cemiime dance 129000 rgonts cane 129,000 
Electriciclocks ‘and timers.,....0.0+20-0esu scene 450 000 aes cet 450,000 
Fluorescent and mercury vapor light fixtures....... 530; QOU ii ncratelem gs 198,000 
Deep-wellturbinepumps..cuanaaeieiey aee sith men gO Naa ole satan 7,250 
Company, williadapts.5:.4: care ieeeaene Rinoieen riciae etoa ee Tee 4,600 
Customer’ will adapt. . 5... seen ae me Oe ee a tn ee 2,650 
INO: Change str. ac abu seals olor inser Havent ete ame 550 


Meters 

Total number replaced, 665,000 
Relagged and tested, 374,500 
New meters installed, 290,500 
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priate change. Accordingly, no attempt is made to discuss 
in detail the engineering theories involved but only to give a 
general outline of the basic engineering methods and pro- 


cedures used in effecting the conversion of a few of the more 


general classes of equipment encountered in a frequency 
change program of this magnitude. 

The effect of a frequency change on customers’ equip- 
ment is manifest in various ways for different kinds of equip- 
ment, being visible in the case of rotating equipment but 
generally invisible in the case of nonrotating devices. The 
most significant and obvious effect on rotating equipment 
is an increase in speed directly proportional to the increase 
in frequency. Electrically, a change from 50 to 60 cycles is 
relatively small and, if it were not for the accompanying 
speed change, the amount of adaptation required for rotat- 
ing machines would be materially less. Certain changes 
occur in the performance characteristics of electric ma- 
chines affecting magnetizing current, core loss, power factor, 
efficiency, and torque. In nonrotating devices, the change 
is apparent only in a change of performance characteristics. 
It follows that the principal objective in adapting frequency 
sensitive utilization equipment for operation at a higher fre- 
quency is to compensate for the increase in speed in the 
simplest and most economical manner. 

For conversion purposes, frequency-sensitive equipment 
may be divided into three general classes: 


1. Equipment connected to the motor through flexible drives of 
various kinds and types which can be adapted by a simple mechanical 
change in the drive to maintain the original speed of the driven 
equipment. This represents about 54 per cent of the total items of 
equipment requiring adaptation. 


2. Equipment directly connected to the motor, representing about 
26 per cent of the total items requiring conversion and consisting 
principally of centrifugal pumps, deep-well turbine pumps, fans, 
blowers, and similar devices. Equipment in this class can be adapted 
in general by mechanical changes to the driven equipment, such as 
trimming or destaging pump impellers, and trimming or repitching 
fan blades and blower impellers. 

3. Equipment requiring adaptation by an electrical change to the 
motor or driven unit, or a combination of electrical and mechanical 
changes. This represents approximately 20 per cent of the total 
items requiring adaptation. 


Approximately one year was spent in engineering re- 
search to accumulate pertinent data on common and gener- 
ally repetitive items of equipment and to establish basic 
adaptation principles, methods, and procedures for the use of 
the several contractors. This was necessary in order to pro- 
vide uniformity of procedure by the several contractors and 
to avoid duplication of engineering by these contractors. 
These data were tabulated and set forth in the frequency 
change manual, and this manual probably contains one of 
the most complete listing of domestic and commercial 
electrically-operated equipment extant. 


SURVEY AND ENGINEERING PROCEDURES 


A field survey is made on forms provided for this purpose 
of each item of frequency-sensitive equipment on customers’ 
premises, in sufficient detail for the contractors’ engineers to 
determine the appropriate change to be made. The initial 
survey of commercial and industrial customers’ equipment 
is made approximately eight months in advance of the date 


Tice, Kroneberg, Johnson, Enefer, Tugby, Stdway—System Frequency Change ELECTRICAL ENGINEERING 


of cutover except for certain special items such as large 
synchronous motors, large air compressors, and heavy mill 
drives. These items were surveyed as much as two years 
in advance of the scheduled cutover date so as to provide 
sufficient time for the procurement of material and parts, 
which has been one of the most difficult problems. 

From the survey data, the contractors’ engineers analyze 
the make, type, and application of each item of equipment 
and determine the most appropriate and economical change 
consistent with recognized engineering and machine design 
standards. Frequently, electrical or mechanical tests are 
necessary to obtain information for the engineers’ use in 
determining the proper adaptation, to record the 50-cycle 
performance of the equipment, and to demonstrate that the 
60-cycle operation essentially duplicates the 50-cycle opera- 
tion. Such tests include load and performance tests on 
motors and generators; hydraulic tests of head, capacity, 
and efficiency on deep-well turbine pumps and large centri- 
fugal pumps; and mechanical tests of vibration, air deliv- 
ery, and noise levels. | Machines often are found in use in a 
service for which they were not intended originally by the 
designer or manufacturer and, in other cases, customers 
have taken advantage of the increased torque available 
from a 60-cycle induction motor operating on 50 cycles. 

In the large majority of cases, the appropriate change is 
determined without need of consultation with the manu- 
facturer but, for certain equipment such as large synchro- 
nous motors, motor-generator sets, rotary converters, blowers, 
pumps, and mill drives, it is necessary to obtain data not 
obtainable by physical survey in order to compute 60-cycle 
performance characteristics and mechanical stresses. ‘The 
manufacturers have co-operated generously in supplying 
information, but in many instances, manufacturers have had 
no occasion to determine how their appliances or equip- 
ment would perform when operated at other than the design 
speed or frequency and, accordingly, have been unable to 
furnish all of the desired information without further engi- 
neering development on their part. 


ELECTRICAL CHANGES 


Transformers in general benefit by an increase in fre- 
quency. Table II shows the effect of such a change on dis- 
tribution and power transformers. The efficiency of the 
transformer usually is improved up to approximately normal 
full-load because the decrease in iron loss exceeds the in- 
crease in copper loss. At overload operation, the efficiency 
may be slightly less if the increase in copper loss at the 
higher loads becomes greater than the decrease in iron 
loss. Constant-voltage-type transformers with tuned cir- 
cuits or saturation characteristics to control secondary out- 
put voltage require modification since the output voltage 
otherwise would be stabilized at a value considerably 
higher than the rated voltage. In the smaller sizes, it is 
generally more economical to replace the transformer. In 
sizes of 1 kva and larger, modification usually is accom- 
plished by removing the proper amount of core iron and 
changing the value of the capacitance in the tuned circuit. 

Induction and synchronous motors are affected by a 
change in frequency in the same way as transformers. In 
addition, the synchronous speed is increased 20 per cent and 
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starting and pull-out torques are reduced. Full load 
efficiency, in general, will remain the same or will increase 
slightly. Bearing friction and windage losses increase but 
these constitute such a small percentage of the total losses 
that they do not affect the efficiency importantly. Power 
factor will improve because the magnetizing component of 
the exciting current decreases considerably. In induction 
motors, the running torque over the normal range of opera- 
tion is dependent upon the connected load, and the motor 
inherently will supply the torque required at the expense 
of increased slip or a reduction in speed. With the same 
horsepower output after adaptation, the per cent slip at the 
60-cycle speed will remain essentially the same as at 50 
cycles. For the average general purpose induction motor, 
the slip is approximately 3 per cent. If the full load run- 
ning torque required at 60 cycles is the same as obtained at 
50 cycles, the per cent slip will increase to approximately 
120 per cent of the 50-cycle value. 

The maximum torque varies inversely to some power less 
than the square of the frequency. Computations and tests 
indicate that at 60 cycles it will be approximately 73 per 
cent of the 50-cycle torque. Values less than this obtain 
on very large motors but generally will approach 69 per 
cent as a limit, whereas values above 73 per cent in general 
will obtain on the smaller integral and fractional horse- 
power motors. Although the maximum torque available 
decreases, in general application this is of no importance 
since the very high loads required to reach the point of pull- 
out practically never occur. 

Starting torques decrease approximately as the square of 
the frequency and, by tests, the 60-cycle value was found to 
vary between 59 per cent and 65 per cent of the 50-cycle 
value; the smaller the motor the closer the value ap- 
proaches 65 per cent. However, as these torques increase 
as the square of the voltage, they are not reduced below the 
design torques by the change in frequency to the extent 
shown because the company’s nominal service voltage is 10 
per cent higher than the standard design voltages of general 
purpose motors. 

Motors must be modified when it is essential to maintain 
approximately the same speed as obtained at 50-cycle 
operation or when it is necessary to maintain the 50-cycle 
starting and pull-out torques. Speed is maintained by 
reconnecting, rewinding, or repoling to an increased num- 
ber of poles. Torque is maintained by rewinding with 
fewer turns and larger wire. In wound rotor or synchro- 
nous motors a rewinding or reconnection of the stator wind- 
ing also requires a change in the number of rotor poles. 

For synchronous motors driving reciprocating loads such 
as air or ammonia compressors, consideration must be 
given to the effect on motor current pulsation. Generally, 
no significant change in pulsation occurs but occasionally, 
it is found necessary to change the WR? of the flywheel. 
Each case must be studied individually. 

The rewinding of a-c machines for an increased number of 
poles often results in windings with unequal numbers of 
coils per pole group. Almost all of the practical winding 
combinations were investigated and catalogued in order 
that only those resulting in satisfactory motor performance 
would be used. The major manufacturers have been very 
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Table Il. Per Cent Change in Performance of 50-Cycle Trans- 
formers When Operated at 60 Cycles 


Small Transformers, Medium Transformers, 
11/2 to 25 Kva 371/2 to 200 Kva 
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Exciting current ....5./cncmerce ot tees et creates 40 S60 oe tater cies ncaa sae 40-60 
Wotalvcopper: lossi..<...<\<10/s/s:nciersielepereteicc i Se vitters AON yrs, hots te tacstet eines sist = 103 
Ee ped ata Ge sage ots yey pm aevedans aicses)sistakesepehateusts. « LOD) wrsts cis sustorensusnstetsi <t 115 
Regulation, 100 per cent power factor........ LOOT avarsteva cterers pyanecte 108 
Regulation, 80 per cent power factor......... LOTR GEELS« to sataeeee 111 


co-operative in checking any unusual proposed windings. 
By the use of such windings, it has been possible to reconnect 
instead of rewind in many instances, thereby effecting im- 
portant economies in the cost of motor conversions. 

Most motor generator sets are allowed to increase in 
speed, changes being made to the d-c generators to obtain 
the proper output characteristics. The parts of a motor 
generator or rotary converter chiefly affected by increased 
centrifugal forces are armature bands, wedges, commuta- 
tors, damper windings, field pole pieces, and pole bobbins. 
These must be checked carefully to be sure that safe stress 
limits will not be exceeded. To obtain the data necessary 
to make the proper modifications and adjustments at the 
time of speed up, preconversion tests are made, the kind 
and extent of these tests depending on the size and impor- 
tance of the unit. In general, additional field resistance is 
all that is required for the adaptation of generators where 
regulation or stability is not critical. Machines used in 
parallel operation or those requiring precise voltage regula- 
tion may require a reduction in the cross section of the mag- 
netic circuit in order to restore saturation and maintain 
stability. This is accomplished usually by slotting the sides 
of the main pole pieces, the size of the slot being predeter- 
mined by calculations based on test data. Some unique 
techniques have been developed for carrying out this opera- 
tion, such as flame cutting the slots in pole cores integral 
with the frame of the generator. 

Arc welder motor generator sets constitute a special 
class. Multiple-operator units use constant potential 
generators and ballast resistors and are adapted in accord- 
ance with standard procedures for general purpose motor 
generator sets. Single-operator units have differential 
compound characteristics and are adapted readily for 60- 
cycle operation by the installation of suitable resistors in the 
various control fields. Values of resistance to be inserted 
are selected so as to give the same or a slightly higher open 
circuit voltage as obtained on 50 cycles. 

Industrial control devices depend on electromagnetic 
forces to activate contactors, relays, and valves. The 
National Electrical Manufacturers Association rates magne- 
tic contactors in ten sizes from 00 to 8; sizes 00 to 2 and 
some of size 3 have resistance-reactance ratios such that the 
loss of pull due to the increased frequency is not sufficient to 
require correction. The larger sizes are adapted either by 
the procurement of new coils or by removing 15 per cent of 
the turns. In critical instances, a tap may be brought out 
of the coil for 50-cycle operation prior to conversion. 

Electric discharge types of lighting such as fluorescent, 
neon, and mercury vapor, are equipped with current limit- 
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ing ballasts, containing a reactor or a combination of capaci- 
tor and reactor, which are affected by a change in fre- 
quency. Those using single reactor ballasts such as neon 
lights and small single-lamp fluorescents require no modi- 
fication. In the larger sizes, however, such as the widely used 
2-lamp 40-watt high-power-factor type, achange to 60 cycles 
causes a 10 to 20 per cent reduction in current in the lag 
lamp with a resulting decrease in light output, and approxi- 
mately a 70 per cent increase in the lead lamp current with 
a considerable increase in the light output. This causes 
injurious heating of the ballasts and importantly reduces the 
lamp life. New 60-cycle ballasts were unobtainable in the 
quantities required to meet the conversion schedule, and, 
as the cost of replacement was high, an adaptor was de- 
veloped by the department’s engineers for use with the exist- 
ing 50-cycle ballasts to restore the lamp currents to normal 
50-cycle values when used on 60 cycles. This adaptor 
consists of a 3-winding transformer reactor and approxi- 
mately 50 per cent of the 40-watt 2-lamp fixtures are con- 
verted by their use, the remaining 50 per cent being con- 
verted by installing 60-cycle ballasts. It is of particular 
interest that the survey of fixtures to date shows that 
approximately 40 per cent are equipped with 60-cycle 
ballasts which have been operating successfully at 50 cycles. 
Large installations of high intensity mercury vapor lighting 
were encountered in aircraft plants constructed during the 
war. Most of these are 2-lamp 400-watt fixtures and are 
adapted by use of an autotransformer to reduce the voltage 
across the capacitor together with a tap change on the pri- 
mary of the ballast transformer. 


MECHANICAL CHANGES 


The largest class of mechanically adaptable equipment 
other than flexible driven equipment consists of centrifugal 
and turbine type pumps. It is estimated that a total of 
45,000 pumps of various makes and types will be encoun- 
tered and adapted during the program. This includes 
refinery process pumps handling acids, propane, crude oil, 
caustics, molten salt, light fraction petroleum products, 
water, and sewage. 

Theoretically, a 20 per cent increase in the speed of cen- 
trifugal and turbine pumps results in a 20 per cent increase 
in capacity, a 44 per cent increase in developed head, and a 
73 per cent increase in brake horsepower. As has been pre- 
viously stated, the majority of pumps can be adapted by 
trimming impellers, if above minimum diameters, or in the 
case of multiple stage deep-well turbine pumps, by trim- 
ming, destaging, or both. Theoretically calculated trims 
could not be used and it was therefore necessary to develop 
performance graphs of the various types and makes of pumps 
based upon empirical values and experience. However, 
caution must be used in applying these graphs as it is often 
found upon removal of the impeller that wear has taken 
place and the amount of trim must be modified accordingly. 

In four of the major oil refineries, a total of 2,300 pumps 
have been engineered for change in this manner. Of this 
total, only 100 pumps are being replaced because of the 
impossibility of adapting them to reproduce the same per- 
formance on 60 cycles as obtained on 50 cycles. 

The problems involved in adapting deep-well turbine 
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pumps are many and complex, being aggravated by 
changed pumping conditions which have taken place since 
their initial installation, and in many cases, by receding 
water tables. The most important factor in engineering 
the required changes is obtaining accurate test data of the 
pump’s characteristics at 50 cycles. Performance curves 
when available also are obtained from the manufacturer for 
each type and size of pump. With these data, it has been 
possible to determine with reasonable accuracy the change 
required to reproduce the same head, capacity, and effi- 
ciency at 60 cycles as obtained at 50 cycles. In many in- 
stances, it has been possible to increase the efficiency of the 
pump. The poor mechanical condition of many deep-well 
turbine pumps also has added to the problem of pulling, 
adapting, and reinstalling them for the higher frequency. 

Fans and blowers constitute the second largest group of 
mechanically adaptable equipment. In general, the same 
engineering principles are employed in adapting them as 
those used in adapting pumps. High speed fan or blower 
impellers frequently require dynamic balancing to insure 
satisfactory operation at the higher speed after trimming. 

Large compressors present a major problem as these units 
usually are driven by synchronous motors where WR? must 
be taken into consideration. Where it is necessary to main- 
tain the existing compressor capacity, but the compressor 
otherwise can be speeded up, they often can be adapted 
mechanically by either installing shorter disk cranks, chang- 
ing head clearances, installing cylinder liners and smaller 
pistons, or a combination of two or more of these methods. 
Where increased compressor capacity is permissible, some 
large compressors can be adapted simply by the installation 
of modern valves to replace old style valves. 

Many types and kinds of unusual equipment are encoun- 
tered such as expellors, attrition mills, hammer mills, and 
electric organs, all requiring special consideration in deter- 
mining the appropriate adaptation. For example, approxi- 
mately 200 hammer mills, totalling 10,000 horsepower or an 
average of 50 horsepower per unit, have been encountered. 
These usually are driven by 2-pole motors designed for 60- 
cycle operation but the use of these mills varies widely and, 
where one mill can go “‘no change,” a similar mill used for a 
different purpose must be adapted to maintain speed. 

Many unusual electrical and mechanical problems have 
been encountered in the project requiring considerable 
ingenuity on the part of the engineers, however, space does 
not permit of detailing these problems and their solutions. 


SURVEY AND CONVERSION PROCEDURES 


The assignment of customers’ equipment to the contrac- 
tors for survey and conversion is made by classification of 
the account, namely, domestic, commercial, industrial, and 
agricultural having direct-connected deep-well turbine 
pumps. Electric railways are handled separately as a 
special assignment. The procedure followed in the survey 
and conversion of each class of customer differs with each 
contractor, and for this reason will be set forth separately 
hereinafter. 

Each contractor operates as an independent contractor 
but under the direction of the frequency change department 
for co-ordination of the work and to assure uniformity of 
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policy. Items of equipment which are common to all 
customers, such as timing devices and fluorescent lighting, 
are reassigned to the contractor performing that phase of 
the conversion. As an example, when the survey men of 
the domestic contractor find timers, home workshop equip- 
ment, small domestic pumps, incubators, and other equip- 
ment of a specialty nature on the domestic customers’ 
premises, this equipment is reassigned to the appropriate 
contractor for engineering and conversion. The domestic 
contractor is employed to perform the conversion of house- 
hold appliances only, and is not equipped with the materials 
or the craftsmen necessary to perform specialty work. This 
plan of reassignment of specialty items of equipment has 
been highly satisfactory and has eliminated duplicating 
stocks of materials and craftsmen having special skills, in 
each of the contractor’s organizations. 

The company maintains 26 district offices throughout the 
territory being cutover to 60 cycles for the conduct of its 
regular business, and as the frequency change operation 
progress throughout the areas of conversion, the field 
organization of the frequency change department and its 
contractors establish field headquarters in each district. 
This is done so that a close relationship can be maintained 
between the district office and the frequency change per- 
sonnel in all matters concerning customer relations, and the 
handling of telephone inquiries from the customers. Clock 
depots also are located in each district for the convenience 
of customers in cycle changing or exchanging portable 
clocks. As a result of the continually moving operations, it 
is necessary to provide office, clock-exchange, and _ head- 
quarters building space for the frequency change opera- 
tions of the department and its contractors and, when work- 
ing more than 25 miles from headquarters, to provide trans- 
portation and hotel accommodations for the men. 


DOMESTIC CUSTOMER CONVERSION 


Frequency-sensitive appliances of approximately 580,000 
domestic customers will be cutover during the project. 
This represents 83 per cent of the total customers involved. 

The domestic contractor receives his survey assignments 
on prepunched and printed tabulating cards showing the 
name, address, and frequency change number of each custo- 
mer. On the reverse side of the card, there is printed a list 
of appliances generally found in the home. These cards 
are assigned to survey crews who list the items of appliances 
found on the customer’s premises, such as washing machines, 
refrigerators, and record players, and as they are surveyed, 
a printed tag is placed on each item of equipment designat- 
ing whether or not a change is required. At this time, the 
customer also is advised of the details of the program, the 
date of cutover, and the approximate time the conversion 
crews will call at the customer’s residence to adapt the fre- 
quency-sensitive appliances designated. The survey 1s 
made approximately three weeks in advance of the date of 
cutover and because of the relatively short time to cutover, 
the survey man (in the course of conversation with the 
customer) changes the bushings on record players having 
this type of drive. From the master inventory card pre- 
pared by the survey man, a separate conversion card is 
made out for each appliance requiring change showing the 
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make and model and the materials required for the change. 
These cards then are assigned to the conversion crews for 
the adaptation of the appliances, a few days in advance of 
the date of cutover. 

The domestic contractor conducts his field operations 
from mobile trailer units which are moved into each district 
as the conversion progresses. Each field unit is self-con- 
tained with office trailers for the supervisory personnel, 
warehouse trailers, and portable shops. All appliances are 
adapted in the home with the exception of gear-driven wash- 
ing machines and gear-driven record players which are 
transported to the portable shops for conversion. He 
employs approximately 184 men, of whom 66 are on survey 
and 83 on conversion, the remainder being supervisory and 
clerical personnel. 

The experience to date in the conversion of domestic 
customers shows that 40 per cent of all customers in this 
class have frequency-sensitive devices requiring adaptation. 
The survey of domestic customers currently is being made 
at the average rate of 28 per survey man day, and conver- 
sion at the rate of 8 per man day. 


COMMERCIAL CUSTOMER CONVERSION 


The 82,134 commercial customers having a connected 
load of less than 50 horsepower comprise approximately 11.7 
per cent of the total number of customers to be cut over, 
with a connected load of approximately 114,000 horse- 
power. Included in the commercial classification are 
restaurants, markets, service stations, small machine shops, 
doctors, dentists, and other types of small business establish- 

"ments. 

A large majority of the equipment encountered in this 
class is repetitive and the methods of conversion are set forth 
in the data book section of the frequency change manual. 
However, certain equipment, such as walk-in type refrigerat- 
ing units, medium size compressors, and certain machine 
shop tools require separate engineering and procurement of 
materials. Accordingly, all commercial customers are 
surveyed approximately three months in advance of the 
date of cutover. 

Since a large percentage of the equipment encountered 
in this group is driven by single-phase motors, special single- 
phase crews have been organized to make starter spring 
changes when required. While theoretically, a large pro- 


Figure 4. 


portion of the single-phase commercial refrigerating units 
could go “no change”, experience has shown that this 
equipment is operated with little maintenance and, on 
speed up, would not transfer from the starting winding to 
the running winding. Asa result, in order to avoid equip- 
ment failures and food spoilage, the policy has been adopted 
of maintaining 50-cycle speed by changing the driven pulley 
on practically all commercial refrigeration units and chang- 
ing the setting of the transfer switch on the starting winding 
of the motors. 

Also found in this group are special timing devices such 
as time stamps, bank check recorders, X-ray timers, dia- 
thermy timers, hospital timers, police and fire station timers, 
and photographic timing equipment, much of which must 
be converted simultaneously with the feeder cutover. These 
items are handled by special crews of the clock contractor 
and are given priority of conversion on the day of cutover. 
All nonportable clocks are adapted on the customer’s 
premises but the portable clocks are required to be brought 
into the clock depots for exchange or cycle change, as 
hereinafter discussed. 


INDUSTRIAL CUSTOMER CONVERSION 


The industrial group having a connected load in excess of 
50 horsepower comprises approximately 30,426 customers 
or 4.3 per cent of the total, with a connected load of 1,619,- 
288 horsepower or 82 per cent of the total connected load to 
be cut over. The engineering determinations and the pro- 
curement of materials require that the survey be made at 
least eight months in advance of the date of cutover. 

Customers in this class are contacted personally by one of 
the department’s commercial divisions employees in com- 
pany with a representative of the contractor. At this initial 
contact, the frequency change program is explained and 
arrangements made for the contractor to survey the equip- 
ment. Since in many industrial plants the shutting down of 
a piece of equipment for survey may interrupt the customer’s 
manufacturing or processing operations, every effort is made 
to plan and schedule the survey so as to provide the mini- 
mum interference with the customer’s operations. 

Data obtained by the contractor’s survey men are proc- 
essed through the contractor’s engineering division and the 
proper method of adaptation determined. Items of equip- 
ment involving costly or unusual changes are referred to 


Mobile mercury arc rectifier substation 


Showing, from left to right, harmonic filter, rectifier house, heat exchanger, main transformer, transformer cable pothead rack, auxiliary control switches, auto- 
transformers, and oil circuit breakers 
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the engineers of the frequency change department for review 
or assistance in determining the propriety of the changes. 
When the final determination has been made on all items of 
equipment in a customer’s plant, the customer is then 
advised of the proposed changes and arrangements made for 
the out-of-service time required for adaptation. 

The preponderance of equipment in the average indus- 
trial plant can be preconverted with only a few of the more 
critical items requiring simultaneous change with the cut- 
over of the feeder. Where it is found impossible to take out 
of service a critical item of equipment, a temporary fre- 
quency changer is installed and the conversion postponed for 
a more favorable time. 

While most of the changes in industrial customers’ equip- 
ment can be performed by reasonably competent electrical 
or mechanical craftsmen, the contractors found it necessary 
to train their foremen and field supervisors in the handling 
of emergencies and unusual conditions which inevitably 
arise in a program of this size. The field operations of the 
contractors are carried out from a main field headquarters 
located in each area and subfield offices located in trailers, 
each of the latter generally consisting of a warehouse trailer, 
a small repair shop, and a portable construction house for 
the clerical and supervisory personnel. Any complaints 
arising after cutover are handled by trouble crews especially 
trained for this purpose. 


AGRICULTURAL CUSTOMER CONVERSION 


Agricultural customers comprise approximately 7,400 
customers or 1 per cent of the total, with a connected load of 
252,537 horsepower or 12.3 per cent of the total power load 
to be converted. 

Approximately six months in advance of the cutover, a 
representative of the company calls on each agricultural 
customer to outline the conversion program and the method 
of adaptation employed by the company in adapting deep- 
well turbine pumps. At this time the customer is offered 
the option of an allowance in lieu of conversion should he 
prefer to have his own well contractor perform the work or, 
if he elects, the company will adapt the pump without cost 
with their own crews. As is shown in Table I, approxi- 
mately 34 per cent of the customers elect to accept the 
allowance in the amount of the company’s cost so that they 
can perform repairs or modernize the pump when removed 
from the well for adaptation. If the customer elects to 
have the company make the adaptation, the customer is 
advised that a hydraulic and electric test will be made on 
the pump so as to establish the 50-cycle pump characteris- 
tics necessary for determining the adaptation for the 60- 
cycle speed. After the tests have been completed and the 
method of conversion determined, the customer again is 
contacted, given a summary of the tests, and advised of the 
proposed method of conversion. 

Since the output of a deep-well pump is in part depend- 
ent on the draw-down of the water during the pumping 
cycle and in part on the operating head, which often may be 
varied by the operation of valves, every effort is made to 
obtain accurate data at the time of tests as to the standing 
water level, draw-down during operation, horsepower con- 
sumption, output at various heads, and any other data 
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which will assist in making the proper engineering deter- 
minations. 

The pulling, adaptation, and reinstalling of deep-well 
turbine pumps is handled by crews trained by the depart- 
ment. ‘These crews are equipped with 20 light-duty and 5 
heavy-duty mobile pump-pulling rigs especially constructed 
in accordance with specifications drawn up by the depart- 
ment’s engineering division. The crews operate out of field 
headquarters, at which mobile machine shops are located, 
together with the necessary supervisory and clerical staffs. 
Pump bowls are brought to the portable machine shops for 
trimming or destaging, and any defective parts are called to 
the customer’s attention in order that he may have them 
repaired or replaced if he so desires. A large majority of 
the customers take advantage of this opportunity to put 
their pumps in good operating condition. 

Occasionally pumps are found to be stuck in the well and, 
after making a reasonable attempt to pull them, the com- 
pany then offers either to install an offset V-belt drive or to 
give the customer an allowance in lieu of conversion equiva- 
lent to the cost of such an installation. Offset drive heads 
have been designed by the engineering division and are 
manufactured locally according to the company’s specifica- 
tions. 

At the peak of operations, the pump conversion section of 
the department had a total of 117 employees engaged in 
adapting deep-well turbine pumps. 


ELECTRIC RAILWAYS 


The two railway systems served by the company have 
connected loads of approximately 151,000 horsepower, 
mainly in motor generator sets and rotary converters rang- 
ing in size from 400 to 1,500 kw. Each of these companies 
owns and operates its own distribution system which is fed 
from a number of points of delivery from the power system. 
The two systems include 63 substations with 77 motor gen- 
erator sets, 32 rotary converters, and 6 mercury arc recti- 
fiers. Of the motor generator sets, 25 are driven by syn- 
chronous motors. 

Conversion of the railway units offered a number of prob- 
lems, not the least of which was the necessity of constructing 
two mobile d-c substations temporarily to replace the units 
as they are removed from service for adaptation. One con- 
sists of a 1,400-horsepower 2,200-volt synchronous motor 
directly connected to a 1,000-kw 600-volt d-c generator with 
associated controls, all mounted on a rubber-tired trailer 
for outdoor use. A second trailer carries a bank of three 
333-kva 16.5-2.3-kv transformers with oil switch and dis- 
connecting switches. The second mobile unit consists of a 
6-phase 12-tank mercury arc rectifier rated at 2,400 kw 
with a control cubicle for 50 and 60 cycles, anode and 
cathode circuit breakers, and their required controls, all 
mounted in a weatherproof housing on a rubber-tired 
trailer. A second trailer carries a 4,500-kva 3-phase to 6- 
phase 11,500-611-volt transformer and auxiliaries, and a 
heat exchanger for the rectifier. The rectifier and trans- 
former were obtained from a surplus war plant where one 
transformer supplied two rectifiers, hence the reason for the 
oversized transformer. Because the voltage of this trans- 
former does not conform to the voltage of the railway dis- 
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tribution system, a bank of 3-phase autotransformers rated 
16.5-11.5-kv is mounted on a third trailer, which also carries 
the necessary oil circuit breakers and disconnecting switches. 
This mobile rectifier substation is believed to be the only 
one of its kind. 

Also used in connection with the railway conversion are 
two sets of load boxes mounted on trailers with variable taps 
to allow a wide range of current values. Figure 4 shows the 
portable rectifier substation equipment lined up outside of 
one of the railway substations. 

As the railway distribution systems are served at 17 points 
of delivery, it was necessary to plan the conversion of the 
two systems concurrent with the conversion of the company’s 
system at the various feed points. The co-ordination of the 
conversion of the two railway systems with that of the com- 
pany’s main system, and the transporting, connecting, and 
disconnecting of the portable substations has required care- 
ful planning and scheduling on the part of both the railways 
and the company. 


CONVERSION OF ELECTRIC CLOCKS AND TIMING 
DEVICES 

Since the introduction of electric clocks, a number of the 
early or small manufacturers discontinued business, which 
made it impossible to obtain replacement parts and, there- 
fore, the company established an exchange plan whereby 
the customer has the option of having his clock cycle changed 
without cost or to exchange his clock for a new and modern 
one with a small cash payment. Customers are required 
to bring portable clocks for cycle change or exchange to 
conveniently located clock depots in the area under conver- 
sion. 

A majority of the timers used for gas and electric ranges 
are built in and are adapted on the customer’s premises by 
the clock contractor’s field crews. If the range timer is 
obsolete and parts are not obtainable, the customer is 
offered a replacement timer. 

The use of electric timing devices for the precision control 
of processes has grown tremendously in the last ten years, 
and many special applications have been encountered. In 
most instances, the frequency-sensitive component of these 
timing devices is a standard clock-type synchronous motor 
with a rating of 1 or 2 watts and its adaptation for 60-cycle 
operation consists in general of changing the clock rotor. 
Arrangements are made with the respective manufacturers 
to adapt the special and critical timing devices. 

The handling of the conversion of clocks and timers is a 
sizeable project itself and, at the peak of the program 155 
men were employed by the department and the clock con- 
tractor for this phase of the work. 


CONVERSION OF METERS 


As all watt-hour meters are frequency sensitive, it is neces- 
sary either to replace or adapt approximately 665,000 50- 
cycle meters on the company’s system as well as a number of 
customer-owned meters. It originally had been planned to 
retire 275,000 obsolete-type meters during the program. 
However, difficulty in obtaining delivery of the required 
number of new meters made it necessary to modify this 
program, thereby adding importantly to the number of 
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meters to be relagged. A special meter division of the fre- 
quency change department was established to handle the 
replacement or removal, relagging, and reinstallation of all 
frequency-sensitive meters. Trained meter men in the 
number required were not available and it was necessary to 
carry on an intensive training program in order to obtain 
the required complement of men. 

Meter conversion is divided into two major operations, 
namely, field operations or the replacement of the meters on 
the customer’s premises, and relagging and repair operations 
which are performed at a central shop on a 2-shift basis. 
Special meter test tables were designed and constructed for 
this work. 

Information concerning the customer’s meter is secured 
at the same time that the customer’s record is picked up in 
the commercial district office, approximately one year in 
advance of cutover. This information includes the type, 
code, year set, mounting, customer’s frequency change 
number, and the name and address of the customer. The 
information thus obtained is punched in a tabulating card 
which is used as an order by the meter division for replac- 
ing the 50-cycle meter. The meter setter fills in on the card 
the meter number, code, and reading of the 50-cycle meter 
before it is removed, and similar information for the 60- 
cycle meter installed, and the card then is returned to the 
records section where tabulated lists are prepared and for- 
warded to the stores and accounting departments and the 
district commercial offices of the company. 

Integrating meters are changed approximately 45 days 
in advance of cutover, except large power meters which, to- 
gether with demand meters, are replaced simultaneously 
with cutover. Field operations are carried out from tempo- 
rary field offices. 

At the peak of operations, 152 men were employed in the 
meter division. 


TRANSPORTATION 


The work of converting customers’ equipment extends 
over a service area of approximately 18,000 square miles 
and the problem of transporting equipment, materials, and 
employees, and of housing the employees in the more remote 
areas is one of considerable magnitude. When physical 
operations were commenced in 1946, automobiles and trucks 
were difficult to procure. At the peak of operations, there 
were approximately 344 passenger cars, 388 trucks, 12 office- 
type trailers, 58 miscellaneous trailers, and 153 personally- 
owned cars used under operating agreements, or a total of 
approximately 953 motor vehicles in use by the department 
and its contractors. This equipment has traveled as much 
as 771,000 miles in one month. 


Table III. Material in Equipment Pool 
Quantity Equipment Size 
53 vvensarctaren ere Prequency changers mim sentient ete eine 11/2 to 1,000 kva 
Diresstrateeres Gasoline-driven single-phase alternators........ 10 kw 
AS Sima arate Diesel-driven 3-phase alternators.............. 15 to 20 kw 
Gieforscsrateine D-cimoton generator setsn yee nee eee 1 to 1,000 kw 
Lislparne atehare Dee rectifier sc. vcette ete ait serene eee 2,400 kw 
Diawiedeieersten Portablevsubstations.-ei- ane ae cee 3,000 kva each 
Dine ntetaneenee Diesel-driven air compressors................. 315 cu ft per min 
Oho mo 6 open Water tankstrucke ssa) en eecen heats ahae oe ae 300 to 1,500 gal each 
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EQUIPMENT AND MATERIAL POOLS 


In order to facilitate the adaptation of customers’ equip- 
ment and at the same time provide equipment for emer- 
gency service during conversion, it was found necessary and 
economically desirable to establish equipment and material 
pools consisting of special mobile or portable equipment, 
motors, and pulleys for the use of all contractors under the 
administration of the frequency change department. The 
equipment pool contents are listed in Table III. In addi- 
tion, the pool contains distribution transformers of single 
and 3-phase types ranging in size from 100 to 1,200 kva. 
The frequency changers are designed to provide frequencies 
of 50 and 60 cycles and voltages of 120 to 480 volts. The 
principal use of the equipment pool is for the preconversion 
and post-conversion of critical items of equipment in indus- 
trial plants, and to provide emergency service at 50 or 60 
cycles as required. The two 1,000-kva frequency changers 
are used primarily for supplying 50- or 60-cycle energy to 
the two railway systems during the testing and conversion of 
their substation equipment and to motion-picture studios 
during the conversion of their motor generator sets. 


The motor pool consists of 800 motors of various sizes, 
speeds, and voltages, ranging in size from fractional and 
integral horsepower single-phase motors to integral-horse- 
power 3-phase induction and synchronous motors from 1 to 
800 horsepower. These motors are used as replacement 
motors in the event of emergency or for temporary replace- 
ments during the time the customer’s motor is out for re- 
winding or reconnecting. 

The pulley pool consists of approximately 20,000 items of 
various types, sizes, widths, and diameters of pulleys made 
up of cast iron, split steel, and pressed paper, together with 
single and multigroove sheaves of various kinds and types. 
All pulleys and sheaves removed from the customer’s equip- 
ment are processed through a small machine shop set up in 


conjunction with the pool stock, and placed in first-class 
condition for reuse. 


CUSTOMER RELATIONS 


The maintenance of customer relations in a program of 
this kind is highly important and involves the co-operation 
and complete understanding of the objectives by all parties 
concerned. Where heretofore the company’s operations 
normally stopped at the meter, the operations of cycle chang- 
ing customers’ equipment begin at the meter. This in- 
volves many problems never before encountered by the com- 
pany and required the development of new policies and 
procedures entirely unrelated to the normal operations. 

Recognizing that many situations would arise in adapting 
customers’ equipment which not only involved the tech- 
nical aspects of converting hundreds of thousands of items 
of equipment, but also that of entering the homes, offices, 
business establishments and plants of over 700,000 customers 
to perform the work, the frequency change department 
organized to handle all customer relation problems with its 
own personnel. Approximately 30 days in advance of the 
cutover of feeders in a district, the department opens a fre- 
quency change office, staffed with personnel to receive cus- 
tomer calls and to handle customer relation problems arising 
in connection with the work. This office remains open 60 
days after cutover of the last feeder in the district, for by that 
time the customer relation problems have diminished to 
the point where the regular district personnel can handle the 
few remaining problems, with occasional assistance from 
the frequency change department. 

While the problems encountered in changing the fre- 
quency of a system of this magnitude are many and the costs 
large, the project is being completed on schedule and, it is 
believed, to the satisfaction of the many customers of the 
company as evidenced by the many expressions of apprecia- 
tion received. 


The Inspectosphere 


The Inspectosphere, a specially marked opal glass globe, has been developed by Sylvania Electric Products Inc., to obtain a quick light 
distribution appraisal of lens-type bulbs whose light distribution pattern is too wide to measure on an ordinary projection screen. In 


the tests, the lamp is placed in its socket and covered by the globe (left). 


When lit, the lamp indicates its light distribution pattern 


(right) which in this instance, was streaky 
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DEQUATE, secure, and economical electric power 
service is a vital part of our present-day industrial 
economy. The solution to the problem of selecting this 
service, in many of the varied forms of industrial and 
commercial establishment, normally is found in the selec- 
tion of central utility service, the supply of which generally 
has been entrusted to central electrical utility companies 
who enjoy virtual monopolies in their respective territories. 
However, further investigation of the problem of power 
service oftentimes is indicated in those specialized, and 
usually larger, industries wherein the supply of steam, at 
various pressures and in substantial quantities, is one of the 
basic factors of plant design, or wherein plant processes 
present opportunities for energy recovery that cannot be 
ignored. Such industries will include, among others, 
those engaged in the refining of petroleum products, in 
chemical processes, in paper production, ore reduction or 
refining. Certain forms of commercial establishment, such 
as hotels, larger office buildings, and hospitals, may be 
included in the former category. In these instances, 
economic and other arguments may be advanced in favor 
of an independent, local generating plant, co-ordinated 
with the steam demands of the industry or with its other 
energy recovery possibilities. 

It is the object of this article to present and discuss 
certain principles inherently involved in the study of such 
instances, and to indicate that the selection, design, and 
correlation of the various plant services requires a detailed 
knowledge of all the factors involved. 

Modern industry usually purchases its major apparatus 
and equipment on the basis of a specification which the 
apparatus or equipment is required to meet. ‘The prepa- 
ration of such a specification serves two useful purposes: 
First, it clarifies the thinking of the purchaser regarding 
the nature, the limitations, and the expected performance 
of the item to be purchased; and second, it becomes a 
statement to the supplier as to the type of product he is 
expected to offer and to supply. 

Electric power service, in the instances under discussion, 
also is a competitive adjunct of industry, to be supplied 
by the central electrical utility, or from the independent 
local generating plant. It naturally follows that a speci- 
fication, which provides a basis for the comparison of the 
competing power sources, would be of material assistance 
in selecting that service most suited to the needs of the 
enterprise at large. Such a specification might be sum- 
marized somewhat as follows: 


(a). Dependability—the power service should be dependable and, 
in so far as practicable, free from interruptions that hamper plant 
production and independent of natural forces and other conflicting 
influences outside the control of the industry. 


(b). Quality—the service should be of such quality as to provide 
satisfactory voltage, frequency, and other electrical characteristics 
necessary to the maintenance of established production standards. 
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(c). Convenience—the service should be convenient and should 
not require, without adequate compensations in other directions, the 
establishment of trained staff, purchasing practices, and other plant 
procedure foreign to the major objectives of the industry. 


(d). Adaptability—the service should be adaptable to the varying 
needs of the industry in its cycles of expansion or contraction, and 
should not create undue delays at the one time nor, at other times, 
give rise to burdensome charges that must be met during periods of 
low production. 


(e). Economy—last, but by no means least, the service should be 
economical, measured in terms of both the direct and the indirect 
costs, as these may be reflected into the plant production. 


Limiting the discussion to those instances where “‘by- 
product” power may be generated in noncondensing 
turbines, and comparing the alternative power sources on 
the basis of the foregoing specifications, giving due con- 
sideration to the joint operation of the local plant with the 
central utility, some interesting conclusions can be drawn. 

In each instance where the comparison of a local plant 
as against central utility service is undertaken, a new set 
of conditions will be presented. There is no absolute 
scale against which any proposal can be checked, the final 
evaluation depending almost entirely on the ability of the 
engineer to determine the limiting factors, and on his 
judgment in presenting them in their correct relationship. 
Unless the designer is absolutely honest with himself, he 
may be in the position of having made an entirely wrong 
decision, one which will remain as a monument to his 
errors of judgment. 

It seems desirable that for any new industrial project 
there should be a specification for the power supply at 
least as rigid as those for the major items of equipment. 
The minimum requirements of such a specification would 
include those factors already listed and others might be 
added to cover specialized requirements. 

In considering the means by which a power service 
meeting this specification is to be provided, by-product 
power generation may prove attractive in those industries 
requiring large quantities of low- or medium-pressure 
process steam. The decision concerning the extent to 
which the savings inherent in this method of operation can 
be realized should be made only after the most careful 
investigation, if the apparent gains are not to prove illusory. 

Joint operation with the utility company, in many 
instances, will permit full attainment of these inherent 
economies, while, at the same time, providing other and 
substantial advantages, not the least of which will be those 
intangible values difficult to reflect into a purely monetary 
comparison. 
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Pulp and Paper Industry Electrical Developments 
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LECTRICAL DEVELOPMENTS have contributed 
materially to the efficient operation of pulp and paper 
mills throughout the United States. This can be appre- 
ciated readily when consideration is given to the extensive 
use of power throughout the industry. In the year 1947, 
the industry required some 14 billion kilowatt-hours to 
produce 21 million tons of paper. 

To obtain high quantity production it has been necessary 
to mechanize the industry. Mechanization has been 
carried to a point where each productive worker utilizes 
some 15 horsepower in power-driven equipment in pro- 
ducing some 800 pounds of paper per day. ‘This is 2.3 
times the national average of 6.5 horsepower per worker. 

The paper industry, unlike other industries, generates 
the major portion of its total power requirements, actually 
70 per cent as compared to a national average of only 
30 per cent. The extensive use of process steam required 
in cooking pulp and drying paper together with the de- 
velopment of the modern bleeder-type turbine unit and 
the high pressure and temperature boiler plants permit 
developing a large portion of the total energy requirements 
as a by-product of the process steam. 

Power is distributed at generator voltage, usually 2,300 
volts, to the various load centers where it either is applied 
directly to the large motors or where it is transformed 
to lower voltage for application to the smaller motors. 
The industry has taken advantage of dry-type transformers 
suitable for indoor location for this service. In power 


Digest of paper 48-115, ‘Electrical Developments in the Pulp and Paper Industry,” 
recommended by the AIEE general industry applications committee and approved 
by the AIEE technical program committee for presentation at the AIEE summer 
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Figure 1. Two 7,500-kw bleeder turbines (operating at 550 

pounds per square inch) in the power plant of a large kraft pulp 

and paper mill where full use is made of by-product power 
generation 
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distribution metal-clad switchgear affords the advantages 
of factory built and assembled equipment with all com- 
ponent parts properly co-ordinated. Such equipment is 
available with either air-break or oil-break switches and 
its use results in minimum operating costs. Control 
centers for both high- and low-voltage mill motors are 
being applied extensively in the modern mills. Such 
equipment has the advantage of factory built and as- 
sembled equipment with a co-ordinated design resulting 
in low operating cost. 

In the utilization of electric power full advantage has 
been taken of the recent developments in both electronic 
and rotating regulators. Electronic regulators have been 
developed for use with sectional paper machine drive 
which provide the extreme sensitivity required for accurate 
control together with the inherent feature of electronic 
circuits which results in a maintained accuracy of per- 
formance without other than routine maintenance. 

The Rototrol, a form of rotating regulator as supplied 
by one manufacturer, provides an accurate regulating 
device which has been applied to control numerous func- 
tions in the paper mill, materially improving the operating 
performance. 

Drives also have been developed to meet the special 
requirements of new process equipment. Many of these 
drives are fully automatic and a minimum amount of 
supervision is required in their operation. With these 
drives automatic regulators accurately maintain quality 
control of production. 

In the pulp and paper industry the efficient generation 
and distribution of electric power together with its effective 
use have contributed materially to a high-quality low-cost 
product meeting the demands of an ever expanding market 


A 1,500-horsepower 277-rpm synchronous motor 
built for direct connecting to full-log chipper 


Figure 2. 


Both the electrical design and heavy mechanical construction of the motor 
contribute to low-cost high-quality chip production 
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L. L. GERMAN 


Health physics, the new branch of radiology 
devoted to protection of personnel, is still in the 
experimental and evaluation stage. However, 
it already has a remarkable service record which 
has been achieved through continuous vigilance 
and careful co-ordination of analysis and con- 
trol. This is the tenth of a series of articles 
developed by the AIEE nucleonics committee; 
the entire series will be published in pamphlet 
form upon its completion. 


OLLOWING the development of atomic energy 

through its initial stages into its peacetime applications, 
one traces also the development of that new branch of radi- 
ology now known as health physics. With the inception of 
the Manhattan Project, it was realized that the radiation 
hazards associated with the contemplated program would be 
far greater in number and magnitude than ever before ex- 
perienced in the field of radiation protection. ‘The radia- 
tion injury-free records established by project sites such as 
the University of Chicago, Chicago, Ill.; Clinton National 
Laboratory, Oak Ridge, Tenn.; and Hanford Works, 
Richland, Wash., are an outstanding tribute to all the 
personnel working on these projects, and especially to the 
relatively few persons concerned directly with the control 
of the incident hazards. Without such a record, the suc- 
cess of the Manhattan Project hardly could be regarded so 
completely successful as history now relates. 

In addition to a limited number of physicists engaged in 
the science of radiation hazard evaluation and control, the 
health physics groups throughout the project were composed 
chiefly of technical graduates from many fields other than 
physics. ‘To some this new science is one of keen interest 
and a challenge for pursuit beyond the initial crisis of World 
War II. The development of atomic energy for peacetime 
use has offered to many an opportunity to meet this chal- 
lenge. The many laboratories now operating under the 
control of the Atomic Energy Commission continue to 
employ hundreds of persons in the field of health physics. 
As was true in the early part of the Manhattan Project, the 
number of available people qualified for health physics 
work remains limited. 


UNITS OF MEASUREMENT 


As in all fields of science involving measurements, radi- 
ology and health physics employ units designed to measure 
the amount of radiant energy absorbed per unit volume of 
matter. Basic among these measurements is the roentgen. 
This unit has been defined as that amount of X or gamma 


L. L. German is a research associate and in charge of health physics at the research 
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doctor of medicine, is also a research associate and is in charge of medical problems at 
the research laboratory of the General Electric Company. 
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radiation whose associated corpuscular emission per 
0.001293 gram of air produces, in air, ions carrying a charge 
of one electrostatic unit of either sign. Because the roent- 
gen is defined only in terms of the absorption of the second- 
ary electron energy produced in air by X and gamma radia- 
tion, it early became apparent to plutonium project person- 
nel that equivalent units would have to be devised that 
would be all inclusive for ionizing radiations. The unit 
rep (roentgen equivalent physical) was derived and defined 
as that dose of any ionizing radiation which produces 
energy absorption of 83 ergs per cubic centimeter of tissue. 
Further, to include more than the ionizing radiations, the 
term rem (roentgen equivalent man) was derived and 
defined as that dose of any radiation which produces a 
biological effect equivalent to that produced by one roent- 
gen of high-voltage X radiation. 


TOLERANCE DOSE 


In dealing with any substance that may be toxic to the 
human body, it is necessary to determine what amounts of 
the hazard can be tolerated without producing any detri- 
mental effects. The International Committee on X-Ray 
and Radium Protection, formed in 1928, proposed a toler- 
ance dose for X and gamma rays of 200 milliroentgens per 
day. In 1936, the American Advisory Committee on X- 
Ray and Radium Protection adopted a daily exposure limit 


Figure 1. Health physics representative making laboratory 
survey 
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of 100 milliroentgens per day for X and gamma radiation. 
With some reservation, this limit has been used throughout 
the project sites and remains in the project literature today. 
To guarantee personnel exposure within this limit, the 
policy at the Knolls Atomic Power Laboratory, Schenec- 
tady, N. Y., has been to limit all calculated personnel ex- 
posures to 50 milliroentgens per day, thereby providing a 
safety factor necessary for guarantee in any good protection 
system. Further, the tolerance dose in the field of health 
physics is not considered as that dose which should be ob- 
tained daily, but as the “maximum permissible dose,”’ and 
usually is referred to using that terminology. Additional 
maximum permissible exposure limits now in effect at the 
Knolls project are presented in Table I. With the excep- 
tion of the alpha tolerance, the limits presented in Table 1 
are in general for total body radiation. Isolated or limited 
body exposure generally is not taken into consideration in 
health physics work with the exception of beta irradiation 
to the hands. In this instance, it is possible to consider a 
permissible exposure of 200 millirep per day. Here again, 
the Knolls project maintains a safety factor of two and limits 
beta exposure to the hands to 100 millirep per day. 


KNOLLS ATOMIC POWER LABORATORY HEALTH 
PHYSICS 

The health physics staff of the Knolls Atomic Power 
Laboratory has developed around a small nucleus pre- 
viously trained in the field during the war years. The 
problems of this organization will be similar to those met by 
the other groups on the plutonium project. The preven- 
tion of radiation exposure to a degree where neither acute 
injury nor delayed damaging effects can be realized is a 
responsibility that no protection group can exercise without 
the complete co-operation of each person employed on the 
project. 

To carry out the 
responsibility of 
the Knolls Atomic 
Power Laboratory 
protection pro- 
gram, the activities 
of the health physics 
group have been 
divided into three 
main sections. The 
first of these, known 
as the survey sec- 
tion, is involved 
chiefly with the 
evaluation of the 
hazards as they are 
experienced or an- 
ticipated in the vari- 
ous programs of the 
laboratory. This 
group, with the 
assistance of many 


Figure 2. A5-fold 
beta-gamma hand 
a  —_ and foot counter 
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varied insttuments, monitors the activities of the research 
workers following a general review of the problem in which 
special attention has been given to the possibility of hazard- 
ous conditions which might arise during the pursuit of the 
work. This review period has proved to be a very impor- 
tant part of the protection program, as it acquaints both the 
research worker and the health physics representative with 
the potential hazards and the desired control of the same. 
Because a good protection program is designed to have each 
worker cognizant at all times of the hazards involved in his 
work, one of the major roles that the health physics group 
fulfills is that of conducting a continuous educational pro- 
gram in radiation hazard control. 

Detecting and evaluating the radiation hazards encoun- 
tered in the laboratories is only one phase of this group’s 
activity. In Figure 1, a health physics representative is 
shown completing a portion of a routine laboratory survey 
by examining a bench top for alpha contamination. These 
agents must be aware also of the resultant radioactive waste 
materials encountered. Because active waste material, 
both liquid and solid, cannot be discarded for normal dis- 
posal, considerable effort is necessary to prevent its fortui- 
tous disposal to city sewers, public waterways, and general 
public disposal systems. Further, the control of radioactive 
gases and air-borne particles must be maintained rigidly to 
prevent their inadvertent travel to other parts of the labora- 
tory buildings or to the outside atmosphere. The responsi- 
bility of this health physics section not only includes the 
project site and its workers, but also must be extended to 
include the vicinity surrounding the site and its neighboring 
population. In this connection, complete survey records 
must be maintained to supplement the legal records of 
personnel exposure. 

The second section, laboratories and control, operates 
chiefly as a service group to the survey section. Among its 
many activities is included the preparation of various 
samples obtained by the survey section for radioactive 
counting and chemical analysis. The calibration of the 
survey instruments used throughout the project is carried 
out by this section, using standard sources emitting the 
various types of radiation which are to be evaluated in the 
survey program. ‘The maintenance of these instruments is 
a most important function and has been effected best by 
including a group within this section for that specific pur- 
pose. Special procedures or instrumentation necessary to 
complete the survey program often fall as a development 
responsibility of this section. 

As it is desirable to monitor personnel exposure as close to 
the individual as possible, each person entering the project 


Table I. Knolls Atomic Power Laboratory Maximum Permissible 
Daily Exposure Limits to Radiation 
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Figure 3. A Lauritsen electroscope (left) and a Victoreen 263A 
survey meter (right) 


site is supplied with a film meter and, in some instances, 
pocket meters. This distribution has been worked out 
effectively on the Knolls project by having personnel receive 
these monitors as they pass through the area gates prior to 
entering the project site. The preparation and processing 
of these meters is the primary responsibility of the third 
group known as the personnel meters section. Personnel 
exposure records of each person entering the site, whether 
for work or visitation, are maintained, including the data 
from these meters. The data obtained in this way con- 
stitute the fundamental personnel exposure records and 
are maintained carefully as part of the legal record of per- 
sonnel exposure to radiation. 

To assist the over-all protection program in the labora- 
tory administered by the General Electric Company’s 
research laboratory, a committee known as the radiation 
hazards committee was appointed, consisting of members 
from the various groups of the laboratory. The responsi- 
bilities of this committee have been defined 


1. To review before publication all project rules and regulations 
regarding radiation hazard control to insure that such material 
would be adaptable to each person despite his project activity. 


2. To review conditions of unusual incidents arising from violation 
or inadequate hazard procedures. 


3. To foster the protection program through channels of supervision 
to each individual. 


As was learned during the war years, a protection pro- 
gram is controlled more easily in an industrial organization 
than in an organization involved in research. In the latter 
type of work, the individual becomes a more important 
component of the program, therefore much of the health 
physics group’s work deals with individual experimental 
research. 


INSTRUMENTATION 


Instruments capable of detecting and measuring alpha, 
beta, and gamma radiation in addition to neutrons are 
fundamental tools to the health physicist. Many of the 
survey instruments developed on the Manhattan Project 
have proved very reliable and adaptable to the problems 
confronting the survey personnel. The problem of engi- 
neering and developing radiation detecting instruments is an 
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imposing one to any health physics organization. A dis- 
cussion of instrumentation has been included previously in 
this series;! this aspect is not treated in detail. 


Survey Monitors. | The Geiger-Miiller counter has wide 
but limited use in the atomic power laboratory. Used for 
detecting beta and gamma contamination in working areas, 
on personnel, and on protective clothing worn by persons 
working with radioactive materials, this type of counter is a 
useful tool. Despite its adaptability, simplicity and ease of 
operation, however, this counter has many characteristic 
disadvantages which limit its use. 

The 5-fold beta-gamma hand and foot counter (Figure 2) 
is one widely used application of the Geiger-Muller tube. 
Designed for counting the palms and backs of both hands 
simultaneously with the soles of both shoes, this counter is 
an important tool to the monitoring program. 

Figure 3 shows another application of the Geiger-Muller 
tube in the Victoreen 263A meter. In this same illustra- 
tion, a second portable survey instrument, the Lauritsen 
electroscope, is shown. 

Portable electroscopes serve a number of purposes in 
which it is necessary to have more precise measurements of 
the alpha, beta, and gamma activity encountered in the 
laboratory. Electronic equipment, including ionization 
chambers and proportional counters, supplements the 
survey apparatus used as both portable and fixed monitors. 
Three of the more common electronic instruments in use on 
the Knolls project are shown in Figures 4 and 5. 


Personnel Monitors. The personnel meters, previously 
mentioned, include a film meter which contains two gamma 
sensitive films in one dental-size film packet. One of these 
films has a range from approximately 30 to 3,000 milli- 
roentgens, and the other from 500 to 30,000 milliroentgens. 
The film meter, complete with a photographic likeness of 
the person to whom it is assigned, is so constructed that a 
silver shield approximately 40 mils thick surrounds the film 
unit with the exception of a small window. Densities of the 
exposed and developed film are determined by means of a 
densitometer. ,Themeasurementsdetermined on theshielded 
portion of the film represent X- and gamma ray exposure, 
while the measurement on the unshielded portion (that 
part behind the window of the shield) is used to determine 
soft X-ray and beta exposure. Films prepared by standard 
radiation exposures are developed with the personnel films 
and used to evaluate the densitometer measurements as to 
the roentgens of exposure on the personnel films. 

In some phases of the laboratory program, radiation 
exposure to the worker’s hands is more probable than over- 
all body exposure. To measure and control this hazard, 
finger film meters are supplied to the individual workers 


Table II. Skin Effects From X Radiation 
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These meters are made in the form of rings in which small 
disks of the previously described film are placed under silver 
shields provided with a small circular window. 

Personnel entering process exclusion areas are provided 
daily with pocket meters in addition to a film meter. Until 
performance test data are obtained on the type of pocket 
meter in use, pocket meters will be worn in pairs to sub- 
stantiate the indicated exposures. These pocket meters, 
which are small air capacitors having solid bakelite walls, 
are charged to approximately 150 volts on a minometer 
(string electrometer) prior to use and reread on the same 
minometer following their use. The amount of discharge 
represents the exposure to X or gamma rays, and provides a 
daily record of personnel exposure. The limits presently 
applied to these meters are 5 to 240 milliroentgens gamma 
radiation. Figure 6 shows a health physics technician proc- 
essing a pocket meter on a Victoreen projection minom- 
_ eter. Other personnel meters are shown in Figure 7. 

There are also in use for personnel monitoring small 
single fiber electrometers which can be read at any time by 
the wearer. These meters are provided personnel working 
- in high level fields of radiation as a complementary safe- 
guard to the constant monitoring facilities normally pro- 
vided by a health physics representative. 


EFFECTS OF IONIZING RADIATIONS UPON TISSUES 


In order to understand more completely the possible 
effects of radiation upon animal tissue, it is necessary to 
review briefly some of the events which may be held respon- 
sible for the production of tissue injury. 

It is generally accepted that the primary effect of radiation 
upon tissue is the result of ionization. The ionization, of 
course, may be produced in a number of ways, somewhat 
dependent upon the type of radiation used. In general it 
can be said that the fundamental effects of X rays and 
gamma rays are alike and consist of electrons projected by 
photoelectric or Compton effect with subsequent secondary 
ionization along the electron track. Neutron radiation 
effects will depend partially upon the number of protons set 
into motion (;N!4, np, 6C!4), with subsequent ionization 
along the proton track, and a similar primary effect will be 
observed following radiation of tissue with alpha particles. 

It is of interest to consider the number of ionizing events 
which will take place following the administration of a given 
amount of radiation. With the doses which it is practicable 
to give with X rays, the percentage of the reactants which 
undergoes direct chemical change is usually small and most 
radio chemical reactions in dilute solutions, such as body 
constituents, are indirect 
chemical changes in the sol- 
ute occurring as the result 
of ionization and excitation 
in the solvent molecules. 

The number of ionizations 
produced in a cubic micron of 
tissue by a dose of 5X10° 
roentgens is about 10°, and 


cr 


Figure4, A cutiepie meter (left) 
and a zeus survey meter (right) 
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judging from the results of chemical experiments, the num- 
ber of molecules reacting will be of this order. The number 
of atoms in one cubic micron, however, is about 10'. Thus 
even the very large dose of 5X105 roentgens produces a 
rather small direct change, and a dose of, for instance, 50 
roentgens would seem quite negligible from this point of 
view. Yet, marked biological effects in different tissues 
may be produced with this amount of radiation. To ex- 
plain why marked biological effects are produced by doses 
of radiation which produce only a small degree of ioniza- 
tion, the following possibilities must be considered. 

Indirect Action in Aqueous Solution. Experimentally it has 
been found that the weight of the solute reacting as a result 
of a given number of roentgens given to the solution is, over 
a wide range of concentrations, independent of the concen- 
tration of the solution. 

Similarly, it has been shown by W. M. Dale that to pro- 
duce comparable percentage inactivations in enzyme solu- 
tions of different concentrations, much smaller doses of X 
rays suffice for the more dilute solutions than for the less 
dilute solutions. The dose required to inactivate a given 
weight of the enzyme is, however, approximately the same 
in different solutions. 

These results strongly suggest that the energy dissipated in 
the solvent is handed eventually over to the solute. Evi- 
dently the ionization of a water molecule causes the pro- 
duction of an intermediary body capable of causing reac- 
tions in many solutes. These findings explain how dilute 
solutions of enzymes may be largely inactivated by doses of a 
few thousand roentgens, which would have practically no 
effect upon a concentrated solution or a dry preparation. 
Enzymes are present in cells in low concentration and as 
their destruction would produce marked effects, it is natural 
to suspect that enzyme destruction is of importance. 

Activated Water Reactions. Because most biological 
tissues contain large amounts of water and even may be con- 
sidered as dilute solutions of proteins and other organic and 
inorganic materials, the changes which take place in water 
or in dilute solutions following radiation should be consid- 
ered carefully. 

The ionization of the water molecule will result in the 
ejection of an electron with splitting of the molecule into a 
hydrogen ion and a hydroxyl radical: H,O-H*t-+OH~. 
In addition, the production of Hz and Oy, gases will lead to 
formation of some H,O.. 

The oxidation of inorganic ions by OH radicals or their 
reduction by H radicals explain most of the reactions which 
have been observed. 
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Figure 5. An alpha proportional counter—“poppy” 


The OH radical is highly reactive as an electron acceptor 
and it is this reaction which probably accounts for the fact 
that almost all organic compounds are decomposed by 
irradiation in aqueous solutions. The H radical is prob- 
ably less reactive than the OH radical with most organic 
molecules. 


Cell Poisons. It is likely that some products of cell 
decomposition produced by radiation may be injurious in 
quite low concentrations. This possibility has not been 
studied extensively and few facts are available to prove this 
mechanism. Recently G. Hevesy has shown that in the 
case of two neoplasms growing in the same animal, if one 
tumor is radiated there is a decrease in the nucleic acid 
turnover in both tumors. This neoplastic growth-inhibit- 
ing mechanism may be a chemical substance and not result- 
ing from tissue ionization directly. 


Specific Ionization. Even with a small over-all dose of 
ionization there will be, along the paths of ionizing particles, 
areas of dense ionization. This will occur especially along 
the tracks of alpha particles, protons, and slow electrons. 
Thus it is possible to produce structural changes which at 
times may become microscopically observable. The best 
example of this type of effect is the breakage of chromosomes 
by radiation. For the production of this effect, about 20 
ionizations are necessary over a distance of one-tenth 
micron. 


Direct Action Upon Large Molecules. The dose required 
to produce chemical changes in a given proportion of the 
molecules of a substance by direct action is roughly inversely 
proportional to the molecular weight. As a working rule, 
a dose of 10° roentgens will produce chemical change in 
half the molecules of a substance of molecular weight of 10°. 

The small viruses appear to be proteins of very high 
molecular weight. Genes, the physical entities correspond- 
ing to a Mendelian character, are considered to be nucleo- 
proteins of large molecular weights. Inactivations or 
damage of these large molecules can be explained adequately 
on the basis that a chemical change in the molecule occurs 
whenever one or more ionizations are produced in it. 

There are some effects of radiation on higher cells which 
are believed to result from the direct ionization of large mole- 
cules in the cell. Gene mutations are the most striking 
examples of this type of radiation effect. 

This review of the many possible ways in which ionizing 
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radiations may be effective indicates that the effects of these 
radiations may depend to some extent upon the type of 
radiation employed. 
to one million electron volts and by gamma rays will be 
fundamentally alike. Protons and alpha particles may 
produce biologically different results because of the differ- 
ences in specific ionization. These considerations have 
been amply confirmed by animal experimentation. 


Biological Effects of Ionizing Radiation. The reac- 
tions seen following exposure to X rays can be divided into 
skin effect, blood changes, and genetic effects. 


Skin Effects. The skin may be considered to consist of 
essentially two layers: the epidermis and the dermis. The 
epidermis is the horny layer, forming a protective cover, 
whereas the dermis contains blood vessels, nerve cells, 
multiplying epithelial cells, and hair follicles. The epider- 
mis varies in thickness from 0.03 to 0.15 millimeter with 
even greater thickness over the palms of hands and soles of 
feet. 

Penetrating radiation will produce changes in the dermis 
resulting in irritation, damage, or destruction of the vital 
cells of the skin. If sufficient number of cells in the dermis 
are destroyed permanently, there will result ulcerations, 
which in some cases progress to cancer of the skin. Re- 


sponse of the skin to different dosages of radiation is shown 
in Table IT. 


Blood Changes. Much work has been done concerning 
the changes in the blood-forming organs and in peripheral 
blood following exposure to radiation. It has been known 
for many years that the bone marrow is a very sensitive 
organ and that consequently early effects of radiation injury 
can be found by studying the peripheral blood count. 
Unfortunately, the blood count is influenced by many dif- 
ferent factors such as fever, infections, drugs, food intake, 


Figure 6. A health physics technician processing pocket meters 
on a Victoreen projection minometer 
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Ionizations produced by X rays up 


and physical exercise, making the results of a single exami- 
nation frequently difficult to evaluate. 

The complete blood count consists of an estimation of 
hemoglobin, usually expressed in terms of percentage of the 
normal, the number of red blood cells and the number of 
white blood cells and blood platelets. The white blood 
cells can be divided into several groups, the most important 
of which are the polynuclear cells and the lymphocytes. 
Early changes usually are seen only in the number of white 
blood cells, whereas changes in the red blood cells, recogniz- 
able as anemia, are seen in the more severe cases of radia- 
tion exposure, such as the atomic bomb victims. 

In addition to the many factors which can influence the 
blood count, there exists a peculiar sensitivity of the bone 
marrow towards certain injuries. It has been found, for 
instance, that a small number of people is highly sensitive 
to ingestion of certain benzol derivatives contained in many 
popular drugs. Such sensitivity is manifested by serious 
disease, called agranulocytosis, and in those people the 
white blood cells may disappear almost completely from the 
peripheral blood. This peculiar type of reaction of the 
bone marrow always should be kept in mind, because it is 
possible that a group of people may show a similar sensitivity 
to radiation. For that reason it is necessary to keep the 
amount of exposure at as low levels as possible and to 
examine the blood smears of radiation workers at frequent 


intervals. 


Genetic Effects. The mechanism of genetic changes 
following ionizing radiations has been mentioned briefly. 
The effects can be produced by a direct ionization of genes 
or by a breakage of chromosomes in which the genes are 
located. 

The changes resulting from damage to genes generally are 
spoken of as mutations and may occur as result of distur- 
bances of many kinds. As it has been found that the vast 
majority of mutations are harmful, we certainly do not wish 
to increase this process knowingly. Constant protection 
against the action of ionizing radiation and utmost care in 
the disposal of radioactive materials therefore are indicated 
for all workers in this field. Until much more is known 
about the frequency with which genetic changes following 
radiation occur in the human race, one hardly is justified 
to speak of a tolerance dose for ionizing radiation. Instead, 
the term “maximal permissible dose” has been proposed 
and a continued effort should be made to lower this dose by 
means of improved protection. 

Table III shows the approximate amounts of the so- 
called natural radiation and some biological effects of low 


dosage radiations. 


Table II. Approximate Amounts of ‘Natural Radiations” and 
Some Biological Effects of Low Dosage Radiations 


Dose per Day, 


Roentgens Radiation or Biological Effect 
USC Wee eae mes Cosmic rays at sea level 
ONOOU ss eee cass Radiation from normal amount of radioactive substances in 


nature. Cosmic rays at 4,000 meters 


WD EO Lseetistees, Mei ete sta" 0.1 microgram radium in skeleton. Blood changes probable 
after considerable time 
0.1 4..........1 microgram radium in skeleton. Blood changes confirmed. 


Decreased sperm count in dogs | : 
Hi=kiO) St were caakeretar eel Skin reaction probable after considerable time. 
life span of experimental animals 


Shortened 
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Figure 7. Personnel monitors showing the component parts of 
a finger film ring, film badge, and pocket meter 


Carcinogenic Properties of Radiation. It has been 
known for many years that X radiation of the skin, if given 
in sufficient amounts, can produce skin cancer. A similar 
effect can be obtained with ultraviolet radiation. In 
addition, the degenerative skin lesions following radiation, 
such as atrophy and ulceration, may turn into skin cancers 
many years following the original injury. 

It further has been found that in experimental animals, 
such as mice, cancers of the ovaries can be produced by 
repeated low dosage radiations and by single exposures. 

Leukemia, a cancer of the white blood cells, also can be 
brought on by radiation in experimental animals. Statis- 
tical studies tend to indicate that the incidence of leukemia 
among roentgenologists may be from three to five times as 
high as is found among other members of the medical pro- 
fession. 

Human experience with radium and animal experiments 
with similar products have shown that these alpha emitters, 
after having entered the body through the lungs or through 
the skin as a result of small wounds, tend to localize in the 
bone marrow. They are capable of producing at least 
three lesions: 


1. Sarcoma of the bone. 


2. Destruction of the blood-forming organs resulting in aplastic 
anemia. 


3. Cancer of the lung. 


Unfortunately, it has been found that only minute amounts 
of these materials are necessary to produce these most 
serious disorders. 

Because of these serious biological effects of ionizing 
radiations, a continued effort should be made to decrease 
exposure rates and to prevent unnecessary contamination 
of air, water, and soil. 


SUMMARY 


The discussion of the physical and medical aspects of 
radiation hazards as presented here is by no means com- 
plete. If this treatise of a rapidly developing science can 
serve to acquaint the reader with the fundamental organiza- 
tion of a group actively engaged in radiation protection, it 
has fulfilled its purpose. As the field of atomic energy 
develops, the practice of health physics and its associated 
sciences likewise must develop. Primary in the responsi- 
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bilities of any health physics organization is the education of 
the worker to respect the hazards, to appreciate the control 
system, and to qualify eventually as his own health physics 
agent. Because of these serious biological effects of ionizing 
radiation, which have been discussed, a continued effort 
should be made to decrease exposure rates and to prevent 
unnecessary contamination of air, water, and soil. Much 
work is going on at the present time to achieve a better 


understanding and to find more complete knowledge con- 
cerning the biological effects of these radiations. 
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Modified Slip Test for Experimental Study 
of Synchronous Reactance 


FEN RY Beh ANS he ny 


MEMBER AIEE 


The modified slip test permits a detailed investi- 

gation of machine constants under more re- 

liable conditions and embodies several desirable 

features in the special field of power laboratory 
instruction. 


T is well known that the conventional cylindrical rotor 
theory of synchronous machine performance is not 
directly applicable to salient-pole machines. The discrepan- 
cies resulting from application of this theory to such ma- 
chines especially are marked when calculations are made to 
evaluate the load or torque angle for synchronous motor 
performance. Blondel’s method of attack through the 2- 
reaction analysis,!’? accounted for the marked difference in 
the reluctance of the magnetic circuit along the field axis 
and in quadrature thereto, by separating the stator magneto 
motive forces into the two components acting along these 
axes, and evaluating their separate effects with due regard 
to the related permeances involved. ‘The work of R. H. 
Park and B. L. Robertson® and that of R. E. Doherty and 
C. A. Nickle,** led to a further development of this method 
by expressing the effects of Blondel’s direct and quadrature 
magnetomotive forces in terms of corresponding synchro- 
nous reactances. These two reactances, specified as the 
direct- and quadrature-synchronous reactances, are quite 
analogous to the classical synchronous reactance concept 
developed for the unsaturated cylindrical-rotor machine by 
Charles P. Steinmetz. The concise and explicit results 
embodied in this 2-reactance development are a tribute to 
the original authors of this work. 


Henry B. Hansteen formerly a professor of electrical engineering at Cornell University 
Ithaca, N. Y., is now with Brookhaven National Laboratory, Upton, N. Y. 


The tests were conducted at the School of Technology of The City College of New York, 
New York, N. Y. 
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For purposes of discussion, Figure 1 shows the com- 
ponents of the stator magnetomotive forces resulting from 
balanced load currents, as well as the markedly different 
reluctance of the two magnetic circuits associated with 
these magnetomotive forces for a salient-pole machine. As 
in the usual conventional development, the effect of mag- 
netic saturation is neglected initially so that superposition of 
the two separate effects can be considered. Thus, the 
magnetomotive forces A, and A, are assumed to be replaced 
by the fields they produce, and these fluxes in turn evaluated 
in terms of electromotive forces which are then equivalent to 
the direct- and quadrature-synchronous reactance voltage 
components. ‘The form of the vector diagram presupposes 
sinusoidal time and space variations. It might be men- 
tioned also that the space (and time) vector A is fixed with 
respect to the field system, the angle between A and A, 
being related to the so-called internal power factor of the 
machine. Inspection of Figure 1 also should reveal that 


MAGNETIC CIRCUIT 
ASSOCIATED WITH Xq 


MAGNETIC CIRCUIT 
ASSOGIATED WITH 
XqAND CLASSICAL 
SYNCHRONOUS 

REACTANGE 


Figure 1. 


Stator magnetomotive forces with balanced load 
currents 


A—Magnetomotive force from lagging load current 
Aqg—Direct component of load magnetomotive force 
Ag—Quadrature component of load magnetomotive force 
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Figure 2. Vector diagram for a salient pole machine 


the direct-axis reactance is practically the same as the con- 
- ventional synchronous reactance associated with cylindri- 
cal-rotor theory and determined experimentally from short- 
circuit data. Under the conditions of the short-circuit 
test, the stator magnetomotive force will be directed in 
space so that A is collinear with A,, and the entire magneto- 
motive force acts along the field axis. 

Figure 2 represents the vector diagram for a salient-pole 
machine, simplified by neglecting the relatively small effect 
of stator winding resistance. A simple geometrical con- 
struction® permits the determination of the internal electro- 
motive force E without evaluating the two components of 
the load current 7, and 7, usually associated with X, and X,. 
The diagram also serves to illustrate the different results 
obtained by using the usual synchronous reactance construc- 
tion, as well as the Doherty and Nickle method. The 
magnitudes of the two internal electromotive forces are 
approximately the same for the two instances, as indicated by 
E and E’, but the angles between these alternative electro- 
motive forces and the terminal voltage are quite different. 
It is this quantity, indicated by 6, which is critically related 
to the behavior of the synchronous machine under load. 


SLIP TEST 


When experimental values of X, and X, are of interest, 
these quantities can be determined by means of the so-called 
slip test. This early and ingenious method of test appears to 
have been proposed originally by Haga,’ in conjunction with 
the pioneer work of Blondel. In simple terms, the basis of 
this test is to establish a slightly asynchronous relation be- 
tween the (mechanically) rotating field system and the 
(electrically) rotating stator magnetomotive force. As the 
stator magnetomotive force slips past the rotating field 
structure, the difference in reluctance along the direct and 
quadrature axes, causes a periodic variation of stator cur- 
rent, and if this slip speed is low enough. the maximum and 
minimum values of this current variation can be read on the 
An alternative but tedious method is to 
In either 


line ammeters. 
obtain an oscillographic record of this variation. 
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instance, the experimental arrangement involves driving 
the salient-pole field structure of the test machine at approxi- 
mately synchronous speed, and adjusting the frequency of 
the current supplied to the stator so that the angular veloc- 
ity of the stator magnetomotive force is slightly more or less 
than that of the rotor. An alternative arrangement could 
be that of a synchronous motor drive, with a variable and 
slightly asynchronous voltage supply for the test machine. 
In either test the field circuit is demagnetized so that the 
values of X, and X, are the usual unsaturated values. 

Generally when this test is conducted in the laboratory, 
disturbing effects are encountered which tend to mask the 
true slip-cycle variation of stator current. One such effect 
can be caused by hunting—a condition resulting from the 
pulsations of magnetic reluctance inherent in the construc- 
tion of the rotor. These pulsations give rise to periodic 
variations of load torque, which change the instantaneous 
speed of the driving unit, particularly if the latter machine 
is of about the same rating as the test machine. Under 
these conditions the readings of the extreme swings of the 
ammeter pointer give unreliable results. Another considera- 
tion has to do with the fact that if the mechanical speed is 
not held extremely constant, there is always the tendency 
for the rotor to become magnetized by induction at the low 
slip speed, and pull into step. The test machine then runs 
as a synchronous-induction or hysteresis motor and the slip 
phenomenon disappears. When proper test conditions 
have been established, the extreme variations of stator cur- 
rent frequently introduce related voltage changes of the 
source, so that both voltage and current swings must be 
read simultaneously. It also will be found that the extreme 
deflections of the instruments are related to the inertia and 
damping characteristics of the meters, so that all the line 
ammeters will not read alike. 


MODIFIED SLIP TEST 


A modification of the usual slip test can be used to advan- 
tage in special cases, giving more reliable data and permit- 
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Figure 3. The connections of the modified slip test 
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ting a more detailed investigation of the various factors 


_affecting-the reactances under review: «In particular, this. 


modified slip test possesses pedagogical advantages when 
the 2-reactance theory for synchronous machines is investi- 
gated in the power laboratory. The tests described here- 
with, involved the use of a 3-machine set consisting of a d-c 
motor coupled to two 15-kva 220-volt salient-pole 3-phase 
synchronous machines, one of which was so constructed 
that its stator could be turned through a space angle cor- 
responding to approximately 130 electrical degrees. By 
supplying the output of the fixed-stator unit to the movable- 
stator machine, it is evident that complete synchronism 
exists between the traveling magnetomotive force in the 
stator of the second machine and its rotating field structure. 
The relative position of this magnetomotive force with 
respect to the salient-pole field structure then could be con- 
trolled by shifting the stator frame of this machine, so that 
the entire variation of synchronous reactance along the 
pole arc could be measured. For any fixed position of the 
stator, any instruments in the circuit can be read without the 
disturbing effects mentioned previously, as all the readings 
are taken under steady-state conditions. 

The general scheme of connections involved in these tests 
is indicated in Figure 3. Because the two a-c machines are 
always in electrical and mechanical synchronism, the 
angular velocity w, of the field structure is equal to w,, the 
angular velocity of the stator magnetomotive force. By 
shifting the stator in its frame, the angle a can be varied so 
that the stator magnetomotive force acts at any selected 
point such as A, around the periphery, and its effect evalu- 
ated in terms of a synchronous reactance for that specific 
stator magnetomotive force location. The value of this re- 
actance will vary from a minimum for a=0 or 180 degrees 
(representing X,); to a maximum for a=90 or 270 degrees 
(corresponding to X,). The angle a was measured by 
reading the position of a graduated scale on the movable 
stator, with respect to a fixed index pointer. Reference 
angles corresponding to a=0 and a=90 degrees could be 
checked by means of stroboscopic observations of the syn- 
chronously rotating field structure with respect to reference 
marks along the periphery of the stator at the air gap. All 
measurements were made with zero excitation for the test 
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Figure 4. Synchronous reactance for different positions along 
the air gap 
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machine, so that these reactances are the usual unsaturated 


”.. Quantities: ~.— - : noe Z 


RESULTS 


Figure 4 shows in graphical form, with plotted circles, the, 
results obtained from a series of measurements of the syn- 


chronous reactance for different positions along the air gap. — 
For rated stator current of 39.5 amperes, the quadrature- — 


axis reactance was found to be 2.4 ohms per phase, Y-con- 
nected, and the direct-axis value, 3.6 ohms. The latter 
value was identical with the usual synchronous reactance 
determined from conventional short-circuit data and the 
air-gap line for the magnetic circuit of the machine. This 
agreement is to be expected from theoretical considerations, 
because the power factor of this machine at short circuit cor- 
responds to an angle of lag of 86 degrees, so that for this 
condition the stator magnetomotive force is essentially a 
completely demagnetizing one, acting along the field axis. 

A simple analytical expression can be written for the 
experimental variation obtained, by noting that the react- 
ance varies symmetrically about a constant value of 3.0 
ohms, as a cosine function of the double angle of shift. The 
angle a indicated on the small sketch shown in Figure 4 is 
merely a symbolic specification of electrical angle, as the 
unit tested was actually a 6-pole machine. The analytical 
form given and shown by the dotted curve, is in close agree- 
ment with experimental data, indicating a rather exact sinu- 
soidal variation of air-gap permeance for this machine. 


VARIATIONS 


An objection may be raised to the elaborate experimental 
arrangement required for this test, although this type of set 
frequently is found as standard equipment in engineering 
school power laboratories. However, it might be men- 
tioned that this test could be performed with a 2-machine 
set, if the test machine had a movable stator, and the driving 
unit were a synchronous motor. In this instance, the same 
a-c supply would have to be used for both machines, and 
some means might have to be provided for adjusting the 
voltage for test requirements. Finally, the movable-stator 
feature in this 2-machine set also can be dispensed with, by 
employing a coupling device having its two halves movable 
with respect to each other. Except for the necessity of 
stopping the set each time a shift of the two halves of the 
coupling is made, (corresponding to a different value of the 
angle a), this arrangement permits the same range and 
flexibility of experimental investigation as that described 
previously. In these tests, it also might be mentioned that 
the functions of the test machine and a-c generator could 
be interchanged, with some possible practical advantages. 
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Balanced Fractional-Slot Wave Windings 


M. M. LIWSCHITZ 
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HE A-C WAVE WINDINGS which are used mostly in 
rotors of induction motors are ‘‘modified” d-c wave 
windings whose winding pitch is changed after each p wind- 
ing elements (¢=number of pole pairs). These modified 
wave windings are balanced, but they can be applied to 
integral-slot and (integral+1/2)-slot windings only. The 
standard d-c wave winding is not used for wound rotors of 
induction motors for it seldom is balanced. The aim of this 
article is to give a method of laying out balanced wave wind- 
ings for any fractional number of slots per pole per phase for 
_which the fractional-slot lap winding is balanced. For this 
purpose the usual chart method is to be abandoned and 
the slot-star of the winding used instead. 
If the number of slots per pole per phase is written 
q aes 
Bie 
where WN and 8 have no common divisor, 8 is the number of 
poles in a repeatable group of the winding and N the num- 
ber of slots per phase per repeatable group. 2/8 is the 
number of repeatable groups. The slot star shows the posi- 
‘tion of the slots in the magnetic field. There are as many 
vectors in the slot star as there are slots in a repeatable group, 
that is, mV vectors (n=number of phases). Figure 1 shows 
the slot star of a 3-phase winding with 14/; slots per pole per 
phase. For this winding, N=9 and the number of vectors 
in the slot star is 27. 
The vectors of the slot star follow the series 1, 1+d, 1+ 


2d,1+3d,....; where d is given by the equation 
peels 
B 


P is the smallest integer which makes d an integer. Ifa 
number of the d-series becomes larger than mJ, this quan- 
tity is to be subtracted from the number. 

Maximum distribution factor for the main wave is ob- 
tained, if the slots assigned to each phase lie as close to- 
gether as possible, for example, if in Figure 1 the first V=9 
slots are assigned to phase A, the following 9 slots to phase C, 
and the last 9 slots to phase B. Then the slots occupied by 
phase A in the first repeatable group are 1, 12, 23, 7, 18, 
2, 13, 24, 8. The slots occupied by phase C are 19, 3, 14, 
25, 9, 20, 4, 15, 26, and so on. However, it is not neces- 
sary to draw the slot star, in order to find the slots occu- 
pied by the three phases. Vectors of the slot star follow 
the d-series, and consecutive numbers of this series yield 
the same result as the slot star. 

In the fractional slot wave winding, the same slots are 


” 
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assigned to the three phases as in the fractional slot lap 
winding. However, in the latter winding, two consecutive 
upper conductors lie in adjacent slots, while in the wave - 
winding two consecutive upper conductors must lie y slot 
pitches apart (y=winding pitch), that is, the consecutive 
upper (or lower) conductors of the wave winding must 
follow the y-series 1, 1-++-y, 1+2y, 1+3y,....; where 


_2mN+a 
B 


in which a is the smallest integer which makes y an integer, 
and a can be postive as well as negative. 

The problem of laying out a balanced wave winding con- 
sists in the co-ordinating of the d-series and y-series of the 
winding. Because each p coil of the wave winding goes 
around the whole rotor or stator, consideration of the wave 
winding cannot be limited to one repeatable group but must 
comprise all 26/8 repeatable groups, all 26/8 slot stars or all - 
2p/B d-series must considered simultaneously. The vectors 
of the 2p/8 slot-stars coincide. Therefore if the 26/8 
d-series are written one above the other, the 26/8 conduc- 
tors which lie in the same column are in phase and can be 
substituted one for the other. This fact facilitates the co- 
ordination of the d-series and y-series. Applying this to the 
winding of Figure 1, the d-series of phase A are 

1.3205, Tod@e 2-13, of 
28, 39, 50, 34, 45, 29, 40, 51, 35, 


and the y-series of phase A 


1, 12, 23, 34, 45, 2, 13, 24, 35, 
28, 39, 50, 7, 18, 29, 40, 51, 8 


The magnitude of a determines the number of winding parts‘ 
in each phase. For the winding of Figure 1, a=1 and there 
are two winding parts per phase as in the ‘‘modified”” wave - 
windings. a==+2 yields four winding parts per phase. 
While the “‘modified’? wave windings have abnormal front 
pitches after each pf coils, the windings just described have ° 
only equal coils. This makes the manufacturing of these 
windings less expensive. 
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Figure 1. Slot star of a 3-phase winding with q=9/5 or 1‘/, 
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System Overvoltages Caused by Faults and Switching . 


AN AIEE COMMITTEE REPORT 


OWER SYSTEM OVERVOLTAGES may result from 

lightning, switching, faults, loss of load, and other 
causes. An understanding of the phenomena associated 
with all causes of overvoltages is necessary to control the 
magnitude and to co-ordinate the protection and insulation 
levels of the system. Lightning may be considered the chief 
source of high overvoltages. Much attention and study 
has been and continues to be given to all lightning phe- 
nomena and means of protection. Next and of increasing 
relative importance are the overvoltages produced by faults 
and switching surges. Considerable study has been given 
this subject during the past 25 years and it is opportune to 
review the literature on power system overvoltages pro- 
duced by faults and switching surges which includes 
results obtained from field tests; the phenomena that 
control cumulative oscillations and restrikes; and the 
results obtained by the miniature system of analysis which 
show the influence of grounding, arrester location, and 
circuit breaker interrupter restriking. Such a review 
prompts a number of conclusions which indicate the 
progress and understanding of the subject to date and which 
also may serve as a guide to future investigations. 

These conclusions can be summarized as follows _ 

1. Maximum switching surge voltages on overhead 
lines or cables are the consequence of the interruption of 
fault currents and/or the de-energization of an essentially 
capacitive circuit. 

2. Maximum switching surge voltages of six times 
normal may be experienced on overhead lines. The 
maximum values experienced are limited perhaps by the 
flashover of insulators or bushings on systems where there 
is no arrester operation from switching surges. 

3. Maximum switching surge voltages of 3!/, times 
normal may be experienced on cable systems in which 
no arrester operation is involved. 

4. Items 2 and 3 of the foregoing are based largely on 
data accumulated since 1924 from measurements using 
gaps or the “‘Lichtenberg”’ figure principle of measurement 
and which therefore are of limited accuracy. 

5. Transient overvoltages incident to the operation of 
electric furnaces are similar to the surges experienced 
on an overhead line except for the increased frequency of 
occurrence. The highest magnitudes appear to be asso- 
ciated with circuit breaker opening operations. 


Digest of paper 48-124, “Power System Overvoltages Produced by Faults and Switching 
Operations,” recommended by the AIEE transmission and distribution committee and 
approved by the AIEE technical program committee for presentation at the AIEE 
summer general meeting, Mexico, Federal District, Mexico, June 21-25, 1948. Sched- 
uled for publication in AIEE TRANSACTIONS, volume 67, 1948. 
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6. Direct evidence to date indicates that switching surges 
of the greatest severity on systems occur only from circuit 
interrupting devices wherein a process of cumulative re- 
striking of an arc occurs at successively higher voltages as 
the result of an increasingly greater dielectric recovery 
strength. No direct evidence exists that this process occurs 
from arcs in open air or in solids. 

7. There is no evidence to date to indicate that the 
nonlinear characteristics of the arc enters in as an important 
factor in system overvoltage. 

8. One method of measuring system-recovery voltages 
uses a miniature system. The system under consideration 
is set up in miniature with sources of voltage and lumped 
constants of inductances, capacitance, and resistance to 
represent corresponding elements of the actual power 
system. Circuits with distributed constants are simulated 
by combinations of lumped inductance and capacitance 
elements. Switching operations are performed on the 
miniature system which correspond to the circuit changes 
to take place on the actual system. 

Perhaps the principal advantage of the miniature system 
method is that it provides a rational approach to the 
problems of overvoltages to be expected for a wide range of 
system constants and grounding impedances. Results of 
this approach are more understandable and, no doubt, 
more useful than could be obtained from field data which 
are incomplete because such data cannot cover a great 
range of system constants or switching conditions. 

9. Results from the study of systems in miniature show 
that the magnitude and severity of the switching surge 
may be reduced by the following: 


(a). Effective grounding of system neutrals 
(6). Rational application of voltage arresters 
(c). Switching short sections of line 


(d). Switching lines or cables on the low-voltage side of the trans- 
formers 


(e). Switching with stored-energy-type circuit breakers or with 
resistance shunting of the circuit breaker contacts 


(f). Switching with circuit breakers designed to interrupt charging 
current with not more than one restrike 


10. In arrester-protected systems, the switching surge 
voltage should not exceed approximately the 60-cycle 
sparkover voltage of the arrester. For a solidly grounded 


system (X)/X, = 3) this value is about 2.5 times normal 
line-to-neutral voltage. 
11. 


In arrester-protected systems involving long lines, 
the severity of arrester discharge from switching surges 
can be of primary importance as compared with probable 
lightning surge discharges. 

12 In arrester-protected systems the switching surge 
does not appear to be an important determining factor in 
the insulation requirements of apparatus or lines. 
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. Network Theory Comes of Age 


Rea: sD. Ee Z.Oi iD 


HE BIRTH of modern 

network theory may be 
dated fairly from the discovery 
in 1917 of the electric wave 
filter by George Campbell! in 
America and Karl Willy Wag- 
ner? in Germany. Its sub- 
sequent growth falls into three 
phases, fitting well into a decade of infancy, a decade of 
adolescence, and the decade of maturity which is here under 
review. In each phase we easily can discern the attri- 
butes appropriate to the age of the theory, and are not sur- 
prised to find the period of its 20’s marked by disillusion, 
uncertainty, and a good deal of romancing around with 
other theories. The offspring of these wartime amours are 
already sturdy little theories which may turn out to be more 
interesting than the parents. 


THE FIRST DECADE 


Artificial Lines and Filters. | WWecan understand this period 
better by first recalling what network theory was like in its 
youth. Its first ten years were characterized by the rapid 
proliferation of useful devices. These stemmed directly 
from the germinal discovery that the lumped element 
analogue of the continuous line enjoyed properties of high 
selectivity. As the lumped element system enjoyed also 
greater freedom, we had immediately extensions from the 
low-pass case to high-pass, band-pass, and all-pass configura- 
tions, followed soon by extensions from simple iterative 
structures to complex aggregates utilizing Zobel’s m-derived 
sections with their useful impedance and attenuation prop- 
erties. ‘The theory of this period was the image param- 
eter theory, taken over from the well-established theory of 
the continuous line with so little generalization that it was 
grasped quickly by everybody and led to prompt and valu- 
able applications. The spirit of the period was to catalogue 
the performance of simple ‘“‘sections,” and the rules of 
combination, and then to undertake the construction of a 
network edifice by making a judicious choice of these build- 
ing-blocks. The title of A. C. Bartlett’s book, ““The Theory 
of Artificial Lines and Filters,” epitomizes the decade of 
network theory’s infancy.‘ 


THE SECOND DECADE 


Dynamical Theory. |The increasing sophistication of the 
second decade shifted the interest from the discovery of 
devices to the discovery of network properties. It was seen 
that the general network, with many accessible terminals, 
was not modelled on the continuous line, and the image 
parameter theory was dropped. The alternative theory 


Es:entially full text of a conference paper presented at the symposium on electric net- 
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The third decade in the growth of modern 

network theory, the decade of maturity, is 

considered in this review of the advances in 

network theory evolved over the past ten years. 

New types of networks developed during the 
war are included. 
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already was made for the 
vibratory systems of particle 
dynamics. 

Taking over the concepts 
and methods of classical 
dynamics quickly made net- 
work theory seem a little 
more like physics. Classical 
arguments from energy considerations led R. M. Foster 
and W. Cauer to the conditions for physical realizability 
for 2-terminal networks of two kinds of elements, the 
sufficiency of which they demonstrated by finding the net- 
works.*® The case of three kinds of elements was stickier. 
Nevertheless it was solved triumphantly by Otto Brune.” 
The extension of Brune’s work to the two terminal-pair net- 
work was achieved successfully by C.M. Gewertz.® A further 
generalization to the n-pole network would have been quite 
in keeping with the times. However, it was only recently 
that this case first was treated; a compact solution should 
appear in the course of the year. 

These fine results were not achieved without taking over 
the methods as well as the concepts of mathematical physics. 
Matrix algebra supplied a compact notation for the descrip- 
tion of systems with many degrees of freedom, and for the 
discussion of equivalence under linear transformation of the 
variables. This seemed to Howitt and to most of the rest of 
us to offer an easy identification of families of equivalent 
networks. The algebra is all right, but it ignores the geo- 
metrical aspects of networks. We are indebted to Foster 
and to Kron for emphasizing the topological features of net- 
works.''12_ ‘To avoid the geometrical consequences of linear 
transformations, Cauer found it necessary to resort to ideal 
transformers, as he shows in a fine paper of similar title.!% 

Although the equivalence theory turned out to be of little 
use, the ideas stimulated Guillemin to propose the principle 
of duality, which freed network theory of bondage to the 
mesh impedance analysis, and opened the door to the for- 
mulation by nodal admittances, so often more convenient. 

The search for network properties naturally prompted the 
use of a good deal of function theory, as well as the algebra 
and geometry. A conspicuous contribution of analysis was 
the ‘‘loss-phase”’ relations, which express the interdependence 
of the real and imaginary components of analytic functions. 
Such propositions were stated by Lee in his paper dealing 
with Fourier transforms of Laguerre functions, !4 and later 
worked into a sharp and handy tool for network design by 
Bode. }® 

It would be wrong to leave this decade without mention- 
ing that interest in general properties of networks by no 
means precluded the development of networks for useful 
purposes. Between them, Cauer and Bode very nearly 
demolished the problem of filter design on the image param- 
eter basis. Cauer, capably interpreted for the American 
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audience by Guillemin, introduced the Tchebychev type of 
approximation as particularly appropriate to network prob- 
lems, andithasbeen embedded firmlyin the art ever since.'*"7 

{t remained for Darlington to recast the problem of filter 
design on the basis of insertion loss. I would like to attract 
special attention to Darlington’s paper, which, like almost 
everything else I have referred to, appeared in that veritable 
mine of network papers, the Massachusetts Institute of 
Technology Journal of Mathematics and Physics.* 1 do this 
not only because there is such store of good network theory 
in the paper, but also because it seems little known. By a 
few years after its publication there were at least two inde- 
pendent announcements of Darlington’s theorem that any 
physical 2-terminal impedance has a representation as a 
single resistance shown through a purely reactive network. 
Why the ‘Synthesis of Reactance 4-Poles” might be neg- 
lected is explained by George VI of England. In a war- 
time inspection of a British laboratory, the King paused at 
the desk of an engineer who was pouring over Darlington’s 
paper. Picking it up, he studied a moment, and said, 
“Good Lord, can you understand this?” I guess network 
theory is kind of hard. 


THE THIRD DECADE 


Time Versus Frequency Response. As the second decade was 
turning into the third, we were pretty sure we did under- 
stand at least what network theory was about. It was the 
theory of lumped, linear, passive systems in the sinusoidal 
steady state. As such it happily had been developed by 
people primarily concerned in the transmission of sound, 
and interested exclusively in frequency response. However, 
critics were arising among people with pictorial information 
to transmit, who were more concerned with the time re- 
sponse of networks. We heard argument as to whether 
“‘square-wave testing’ or ‘‘steady-state testing’? yielded 
really fundamental data. Even the universities dignified 
this barrier by distinguishing transient analysis from net- 
'.work theory; transients came in circuit theory. The 
‘ theory really came of age when all finally agreed that this is 
one flesh, and recognized what Laplace had seen 150 years 
‘earlier; namely, that the frequency response and the time 
response are quite easily interchangeable, and both are 
important in analysis. In both camps men paused for 
another look at the old formulas 


1 40 
_ E;(t) Pir: Si(p) V(p)e?dp 


—ito 


= [Beane 


which express the same response provided 5S; is the mate of 
the excitation £; and A’ is the mate of the frequency charac- 
teristic Y. 

What they noticed here prompted several lines of inquiry. 
For one thing, the second equation defines the output signal 
as the average over past time of the input signal, weighted 
according to the impulse response of the network. This 
suggested the concept of the low-pass filter as an averaging 
network; an immediate application arose in the smoothing 
of data supplied to the electric computers so widely used for 
fire control during the war. For efficient weighting of the 
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data, very accurate shaping of the network characteristic is 
required; for this the design techniques of the steady-state 
theory were at hand. 


The role of the smoothing filter is simply the protection of — | 
the signal against noise. This problem has broad general 


aspects, some of which received close attention. The 
acceptance band of the radar receiver which maximized the 
signal-to-noise ratio for pulses of a given shape and duration 
was defined carefully. I cannot refrain from mentioning 
this, although it is rather beyond the purview of proper net- 
work theory. This is a matter of information theory, a 
child born of the union of network and circuit theory, which 
seems already wiser and more worldly than its parents. 

However, a second inquiry prompted by the formulas fell 
wholly within the domain of network theory. Some won- 
dered what kind of steady-state characteristics could be 
made available by a device which mechanized the convolu- 
tion integral. Such devices require storage of information 
during the time interval over which the integration is to be 
extended. They are pictured easily, although somewhat 
awkward in the realization. Wiener and Lee stored the 
input signal on a delay line, with arrangements for picking 
off the voltage at intervals along the line and summing 
appropriate fractions of them, according to the desired 
weighting function. Others preferred to store in electron 
beam tubes of special design, introducing the weighting by 
rasters of one sort or another, as in the arrangement Kall- 
man called the transversal filter. As many of the simplest 
weighting functions correspond to complicated steady-state 
characteristics, it is possible that these intriguing novelties 
may prove one day to be of use. 

Active Networks. If the marriage with circuit theory 
served to broaden the outlook of network engineers, the mar- 
riage with electronics pushed back the horizons much 
farther. ‘The outstanding advance of the period was the 
extension of the theory from passive to active systems. It is 
indifferent to the theory by what means the energy release is 
accomplished, but usually the means is electronic. The 
inclusion of vacuum tubes as network elements created new 
problems and afforded new properties. Stability, assured 
in the passive case, now had to be wooed with skill and 
acumen. Bode exploited Nyquist’s criterion and the loss- 


phase relations to establish limits on the feedback consistent - 


with stability for a great variety of cases of practical impor- 
tance. ‘The new property, discovered by Harold Black, is 
essentially the enormous range in sensitivity of the external 
behavior to variations in the internal elements, depending 
upon the location of the element in the network. This 
property has been turned to such good account in the nega- 
tive feedback amplifier that repeaters having nearly the 
reliability of passive networks are available for telephone 
systems. 

Despite the inclusive nature of Bode’s book, there remain 
gaps in the theory of active linear systems which we may 
hope to see filled within the coming decade. We inquire in 
particular if multiloop feedback connections cannot be 
employed to avoid the stability limitations on multistage 
feedback. 

Accommodation of Parasites. | The introduction of vacuum 
tubes as network elements had an influence on the develop- 
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ment of the theory even in the seemingly trivial cases in 
which feedback deliberately is avoided, the tubes serving 
only as buffers between passive networks. In these cases 
the role of the theory is to provide accommodation for the 
circuit parasites as required elements of the network. As 
the parasites are predominantly the tube capacities, two 
typical problems are presented. In the line coupling prob- 
lem, a signal voltage originating in a resistive source imped- 
ance is to be maintained across a limiting input capacity. 
In the interstage coupling problem, the signal voltage 
originates in a capacitative plate impedance and is delivered 
to a capacitative grid impedance. Under pressure to pro- 
vide noise-free high-gain transmission over ever wider 
bands, Bode, Wheeler, Hansen, and certainly many others, 
examined how effective such coupling networks theoretically 
might be in accommodating the limiting capacities. For 
the line coupling case, Bode advanced the resistance integral 
theorem as a concise measure of the physically possible 
stepup. The interstage coupling case admits a similarly 
general characterization, independent of band-shape. For 
a flat band and a 4-terminal coupling network, Bode found 
a theoretical limit of 2.5 times the gain into the mean of the 
input and output capacities at a frequency equal to the 
bandwidth. 

These propositions on the gain-bandwidth product do 
not make the designers of wide-band amplifiers very happy. 
They sometimes are asked for systems with rise times in the 
neighborhood of a millimicrosecond, which implies band- 
widths of hundreds of megacycles. And only a few of the 
most modern tubes have intrinsic cutoffs as great as 100 
megacycles. The compulsion toward highly efficient net- 
works is greatest when the bandwidth is great, or when the 
difficulty of accurate measurement and adjustment is also 
greatest. And the networks which approximate to maxi- 
mum stage gain are discouragingly complicated and sensi- 
tive to adjustment. 

There is probably no escape from the sensitivity in highly 
efficient network designs, but the theory was quick to pro- 
vide an escape from complexity. If the multistage ampli- 
fier is conceived as a combination of identical stages, then 
each stage must give a very perfect approximation of the 
required gain shape, and the coupling networks, if efficient, 
are individually quite complicated. But equal efficiencies 
in the realization of the required over-all characteristic can 
be obtained from a combination of shapes, each correspond- 
ing to a simple coupling network, provided that the net- 
works are allowed to be all different. Empirically, it is not 
easy to break up the total characteristic into the appropriate 
combination of simple shapes, as Feldtkeller discovered. 
However, when the over-all requirement was an approxima- 
tion to constant gain, either in the Tchebychev sense or in 
the “‘maximally flat” sense, the theoretical decomposition 
readily was determined. This is the process to which 
Henry Wallman affixed the catchy name of “stagger tuning.” 
The theory might have been taken over bodily from Darling- 
ton, but actually it was worked out the hard way by inde- 
pendent investigators, Wallman, Baum, Bradley, and others. 
Analytical solutions so far published read only on the 
several approximations to flat transmission. Means for 
generalizing the solution to a great variety of useful charac- 
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teristics are already at hand, and will be described a little 
later on. ee 


Unhappily, candor compels the admission that this easy’ 
triumph of network theory is mostly a Pyrrhic victory, and’ 
that the decade actually has left the wide-band amplifier in 
pretty bad shape. It is quite true that by systematic design‘ 
of the multistage amplifier the limiting efficiency can be’ 
approached with conventional coupling’ networks. This 
would be more significant if the theory were tightened up. 
It goes through beautifully so long as narrow-band ap-' 
proximations obtain; the applications, on the other hand, 
are usually to relatively wide bands. This case is much 
less simple; it cries for discussion. One obnoxious detail is. 
the necessity of impedance transformation to insure the 
most efficient accommodation of arbitrary terminating 
capacities; in the very wide band cases, as for the video 
amplifier, this possibility is lost. "The dependence of avail- 
able gain upon the capacity ratio well might deserve some 
study. 


Aside from theoretical inadequacies is the question 
whether the highly efficient amplifier is really useful. The 
exchange of efficiency for ease of adjustment and insensi- 
tivity to circuit variations invited attention from designers 
having a little gain to spare. The arrangements for doing 
this mostly involved the equalization (and stabilization) of 
the important part of the band by local feedbacks of one 
kind or another. Illustrative of a number of ingenious 
proposals is Ferguson’s exploitation of an idea of Harold 
Wheeler’s, whereby each plate is coupled resistively to the 
preceding grid, a long chain being terminated for an image 
match between stages. Other arrangements were pat- 
terned on the ideas of coupling the voltage stages through 
cathode followers, so that the feedback might neutralize 
some of the circuit capacities in the useful band. 

Actually, however, the villain of this piece is neither the 
sensitivity of efficient networks nor the frailty of the theory. 
The real villain is the basic physical limitation on the gain- 
band product. A good way of evading this restriction will 
have to be found. The possibility of evading it is demon- 
strated by Percival’s wave amplifier, developed for bands in 
the microwave region with spectacular success by Pierce. 
The video embodiment utilizes conventional tubes and arti- 
ficial input and output lines. It can be urged quite honestly 
that here is a means for obtaining any gain over any band 
with tubes of whatever merit. But this means is only for 
the stout of heart. Ifa man can be discouraged at all, in 
the end he will be dismayed by a rule which doubles the size 
of his amplifier for each six decibels of extra gain. Never- 
theless, the wave amplifier points out a new direction; 
somewhere thereabout will be discovered the way to really 
wide-band systems. 


Asymptotic Formulas. Systems of great bandwidth and low 
stage gains frequently grew so cumbersome as to present 
very tedious problems of analysis. Therefore searches 
were made for asymptotic formulas which express simply 
the behavior approached as the number of stages becomes 
very great. To describe systems essentially absorptive in 
character, the central limit theorem was taken over from 
probability theory. This indicates that the impulse re- 
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sponse, and likewise the frequency response, tends to be- 
come Gaussian in shape as the system grows longer and 
longer. This is a very comforting result, not only because 
of the analytical convenience of the Gaussian function, but 
also because this bell-shaped probability curve is a pulse 
form ideal for many purposes. In fact, this response charac- 
teristic is so desirable that it is common to design even simple 
systems to approximate to Gaussian shaping. 

Very complicated systems essentially dispersive in charac- 
ter seem to have been of less interest. Little has been said 
about them since John Carson wrote about the building up 
of sinusoidal oscillations in 1924 until Di Toro picked up the 
subject again in a thorough treatment presented this year. 
‘They both find that to obtain an asymptotic formula you 
need only to invoke Kelvin’s principle of stationary phase, 
and then usually, to look up one of the recent tabulations of 
Airy’s integral. 


The Potential Theory Analogue. ‘The decade also witnessed 
progress in the synthesis of very complicated systems, as I 
already have mentioned. Shortly before the war, the idea 
seemed to occur to almost everybody at once that a net- 
work function, defined by an array of roots and poles in the 
plane of a complex frequency variable, is an analogue of the 
2-dimensional electrostatic potential obtaining in a plane 
normal to a similarly disposed array of parallel charged 
wires. The line charges are all of the same magnitude, 
being positive for the representation of zeros and negative 
for the poies. 

This analogy serves to sharpen the intuitions somewhat 
and to determine at once the network equivalent to such an 
array of lumped charges. It does not advance the design 
problem, as the complex potential function and the net- 
work function are exactly the same thing. If we write 


_ UG?) 
I(z,—p) 


so that 


@=atis= >, log (zg—p) — d, log (z,—p) 


it is indifferent whether by 6 we mean the potential or the 
transmission. I here use the character z to locate the source 
points where the charges or singularities are situated, and 
the variable p to locate the field point at which we seek to 
evaluate the potential or transmission. In the network 
analogy interest is restricted to field points on a segment ot 
the line / =7w, corresponding to a range of useful frequencies. 

We begin to detect an advantage to the analogy when 
we come to regard the array of lumped charges as an ap- 
proximation to a continuous distribution of charge. Evi- 
dently, the potential of charge distributed over a cylindrical 
surface, intersecting the normal plane in some curve C, can 
be simulated by unit line charges on elements of the cylinder 
provided that the spacing of the elements near a point on C 
is made to vary with the charge density at that point. Pass- 
ing to the continuous charge distribution replaces the sum- 
mation by the integral 


0= F log (z—p) W(z)dz 


where the complex weighting function W is so chosen that 
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W(z)dz is the real charge on the element dz of the contour. 

The integral formulation is remarkably efficacious for 
purposes of both analysis and synthesis. The design prob- 
lem becomes the determination of the charge density along 
a selected contour so that the potential conforms to a pre- 
scribed transmission function @. This is facilitated by 
examination of the force field 


da W(z)dz 
dp Z=f 


If now Cis a closed contour within which W is analytic, 


f ee tri) 


z 


by Cauchy’s formula, so that 


For this case, if 0 is defined at real frequencies, W is defined 
on the contour. The final contour is usually open, but if 
the requirement applies only to the real part of 0, it is pos- 
sible to work with a closed contour and obtain the final dis- 
tribution from image considerations. 

Insuring physical realizability is equivalent to selecting a 
contour for which the required W corresponds to a real 
charge density, and which meets the usual network restric- 
tions regarding symmetry and the location of poles. Fami- 
lies of such contours have been found for many useful types 
of characteristics. 

Selection of a particular contour from the admissible 
family affects the fine structure of the behavior ultimately 
realized. For after the continuous charge distribution is 
determined, it is approximated by disposing lumped unit 
charges along the contour at spacing depending on the den- 
sity. This introduces a granularity error which may be 
serious if the contour selected approaches too nearly the real 
frequency axis at points where the density is low and the 
lumped charges widely spaced. Of course, the more elabo- 
rate the network, the more numerous are the charges to 
be allocated, and the smaller the granularity ripple be- 
comes. In most instances Darlington’s approximation 
theory can be used to guide the selection of contour for toler- 
able ripple with a given number of charges. 

This approach to the design problem enjoys almost 
uniquely the feature of being little more tedious for very 
elaborate networks than for quite simple ones. It first was 
turned to account in 1938 by Bode and Grossman in the 
preparation of delay networks to equalize long land lines 
for television transmission. These networks run to hundreds 
of elements, and economy in the design effort is essential. 
In 1940, Cauer provided an exceedingly detailed mathe- 
matical background for the theory, but was prevented from 
publishing his promised paper on the network applications. 
The analogue subsequently was used by Hansen to explore 
the gain-band product, and by Bradley in the systematic 
design of multistage amplifiers. 

These accomplishments do not appear to justify the 
emphasis I have placed on this topic. In fact, they are 
astoundingly meager. For nearly ten years this field has 
been recognized as fertile for investigation. It still lies 
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nearly fallow. I believe that the distraction of the war ex- 
plains it, that the advance only was delayed, and that the 
next. decade will see a rapid development. 


Switched Systems. | We can find some other clues to the 
future development by considering the effect on network 
theory of the rapidly growing theory of information. In- 
formation theory sits in the role of referee, judging how well 
network theory is doing its job. Ultimately, the job of net- 
work theory is to insure the most effective utilization of 
noisy and imperfect media for the transmission of intel- 
ligence. We used to believe that this was about the same 
as achieving perfect equalization and sharp filtering. The 
referee wonders if we are even on the right track. We long 
since have seen the equalization problem affected by the 
introduction of frequency modulation and the limiter. But 
this is only a tiny step. The introduction of pulse modula- 
tion opens the door to greater opportunity. Pulse tech- 
niques offer the possibility of reshaping the signal when 
necessary, in the manner of the telegraph repeater, and 
lessen our interest in linearity and equalization. Also, 
pulse techniques lend themselves naturally to time division 
multiplex, and divert our interest from frequency selective 
filters. And information theory rules that pulse modulation 
in fact does supply the efficient solution to many communica- 
tion problems. 


Pulse generation and regeneration imply the addition of 
another type of element to network theory, namely, the 
switch. Likely to be only a vacuum tube in the multivi- 
brator connection, it is however not supposed to behave like 
a linear element, but rather suddenly to alter the circuit 
when the signal in some branch of the network surpasses a 
threshold value. A switched system which is governed be- 
tween transitions by linear laws seems to me to be some- 
what more tractable to analysis than other nonlinear sys- 
tems, and I expect that in the next decade the theory will 
have some successes. Of course we have seen some already, 
and we have amassed the requisite fund of information 
about the way these circuits actually behave from having 
made so many of them work in the laboratory. It seems 
inescapable that the theory of the future will be more pre- 
occupied with nonlinear problems. 


Many interesting and important achievements necessarily 
have been omitted from this hasty survey. For this I have 
no apology; I have put too much in asitis. But I do have 
to apologize for having given no hint of what a present-day 
network is apt to be like. The theory may continue to 
concern itself with schematic representations showing coils, 
capacities, and resistances, but the things these symbols 
stand for are likely to have changed remarkably. If the 
drawing relates to a regulation or control circuit, many of 
the parts are probably mechanical and the top frequency 
of interest may be less than one cycle. If, on the other 
hand, the drawing relates to a wave guide filter, a coil 
probably stands for an iris edged into a lot of plumbing, and 
the mid-band frequency is thousands of megacycles. With 
this upward extension of the frequency range, we slowly are 
crowded away from our fine theory of lumped elements and 
find ourselves standing again by the door at which we came 
in, the continuous line. 
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Ultrahigh Speed Rotor 


A tiny steel rotor that can rotate at 633,000 revolu- 
tions per second and produce a centrifugal force 430,000,000 
times greater than gravity was described by Professor 
J. W. Beams, a University of Virginia physicist, before the 
annual spring meeting of the National Academy of Sciences 
in Washington, D. C. The rotor, suspended magnetically 
in a vacuum, is revolved by a rotating magnetic field. 
Maximum rotational speed is limited only by the strength of 
the rotor material. 

Rotors weighing one fiftieth of a milligram to ten milli- 
grams have been used. The highest speeds and centrifugal 
forces were obtained with steel rotors 0.021 inch in diameter. 
The low frictional drag makes it possible to drive the rotor 
in synchronism with a cyrstal-controlled oscillator which 
should give rotor speeds constant to one part in 100 million. 
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Switchgear and Circuit Breaker Practice 


M. H. HOBBS 


FELLOW ATIEE 


T IS DESIRABLE to review periodically the trend in 

practice of different types of equipment for the benefit 
of those who may not be entirely familiar with recent 
developments in the industry. ‘The following pertinent 
facts seem to stand out so far as switchgear and circuit 
breaker practices are concerned. 

For low-voltage circuits of 120 to 600 volts air circuit 
breakers are used almost universally, mounted in metal- 
enclosed structures. Recent developments include silver 
line contacts, arc confining arc chutes, selective trip units, 
and steel panel mounting for which each pole is mounted 
upon its own moulded base. For 120/208 volts distribu- 
tion in cities, the use of secondary network systems has 
become almost universal. The network is fed from trans- 
formers through low-voltage circuit breakers called network 
protectors, and usually are mounted in submersible-type 
housings. 

Circuit breakers and switchgear for medium voltage 
applications, 2,300 to 15,000 volts, 50,000 to 500,000 kva, 
are usually magnetic blow out air in metalclad structures, 
although many oil circuit breakers still are used. Self- 
contained panels carry instruments, relays, and control 
equipment. Many outdoor structures in combination with 
transformers for unit substations are being installed on 
distribution systems. Steel frame structures are used for 
the high-voltage side of distribution substations and carry 
the busses, disconnecting switches, and their connections. 
Recent developments include standardization of small units 
which permits assembly of large structures from them 
(see Figure 1). 

Power station switchgear for generating voltage of 
13.8 kv as well as 23 to 34.5 kv for indoor service is quite 
generally metal-enclosed with compressed-air circuit break- 
ers. The kilovolt-ampere interrupting ratings are 500,000 
to 2,500,000 kva. ‘The structures include busses, dis- 
connecting switches, and instrument transformers, and some 
installations have been made in outdoor housings. 

There is somewhat of a trend toward elimination of 
generator voltage switchgear except where required for 
distribution feeders. In such cases the generating station 
feeds bulk power to the system at high voltage. 

For high-voltage outdoor service at voltages of 46 to 
287 kv, the large majority of circuit breakers are metal 
tank oil with either pneumatic or electric mechanisms, the 
former being suitable for rapid reclosing which may be as 
short as 20 cycles. Kilovolt-ampere ratings begin at 500,000 
and have been extended to 10,000,000 kva for 230 kv. 
Scattered installations of high-voltage compressed air and 
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low oil content circuit breaker types have been made, and 
one operating company recently has ordered nine 69-kv 
compressed air circuit breakers. 

Standard circuit breaker interrupting time for circuit 
breakers up to 69 kv is eight cycles. For 115 kv and above, 
both five cycle and three cycle designs are available. New 
American Standards Association power circuit breaker pre- 
ferred rating tables are being prepared and will be issued in 
the near future, covering indoor and outdoor oil and oil- 
less circuit breakers. 


Figure 1. A standardized unit substation with frame structure 
for high voltage switching equipment, transformer, and metalclad 
switchgear for distribution feeders 
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Figure 2. Installation of metal tank oil circuit breakers for 230 


kv, 3,500,000 kva 
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Safety and Aircraft Electric Equipment 


Rab HO Ei ID AY 


FELLOW AIEE 


ANY CHALLENGES to electrical engineers came 
from a conference on aircraft,safety which was spon- 
sored by the committee on air transportation at the AIEE 
winter general meeting in New York, N. Y., January 27-31, 
1947. The importance of the subject was summarized 
aptly by an air line representative when he said, ““The com- 
plete failure of the electric system in the modern transport 
must be put in the same category as the loss of a wing.” It 
is evident that aircraft electricity has grown from a role of a 
convenience to one of necessity. Starting from a system 
very similar to that used in automotive vehicles, the aircraft 
electric system has grown until it now more nearly resembles 
a miniature of an industrial power and distribution network. 
The multifold purpose of the conference was to stimulate 
the exchange of ideas and opinions as to how maximum 
safety in the use of electric apparatus may be achieved, to 
disseminate information gathered during wartime develop- 
ments, and to guide and gain support for the program of the 
committee. 

It was a particularly opportune time for such a meeting. 
While no serious failures have occurred, there has been evi- 
dence of enough trouble to cause anticipation of future 
crises. Study and co-operation now can prevent failures 
when they will be serious. Groups representing all seg- 
ments of the aircraft industry aired their problems as never 
before, and in so doing gave excellent direction for future 
efforts of the committee. 

The aviation industry can be divided into five groups 
which are concerned with the design, test, and use of elec- 
tric apparatus: 

Equipment manufacturer. 
Power plant manufacturer. 
Airframe manufacturer. 


Customer. 
Civil Aeronautics Administration. 


OC Sen 


The manufacturer of equipment has primary responsi- 
bility for design and test. He receives requirements and 
specifications from the other four groups and must com- 
pete with other manufacturers on performance, weight, and 
price. The information contained in the specifications is 
seldom complete and the manufacturer must do a great 
deal of original research to complete a reliable piece of work. 

Engine and propeller manufacturers will use electric 
equipment, and equally important, their engines and pro- 
pellers create unusual environmental conditions for many 
other items of electric apparatus. Even these manufac- 
turers have not been able to predict the nature and magni- 
tude of disturbing forces created by particular models of 
power plants. 

The aircraft or airframe manufacturer assembles the 
whole. He must satisfy the customer and the equipment 
manufacturer. Lacking specifications for many items, he 


T. B. Holliday is president, Land-Air Incorporated, Chicago, IIl. 
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Because of the universal interest of all engineers 
in safety in aircraft, this article presents a 
summary of the conference on aircraft safety 
sponsored by the committee on air transporta- 
tion at the 1947 AIEE winter general meeting 
in New York. It is to be noted that a number 
of conflicting points of view were expressed at 
this conference, which are summarized herein. 
Further comments are invited. 


must prepare his own. He must develop, procure, and test 
many special items, so that a complete airplane can be 
delivered. 

There are two types of customers. The military services 
and the air lines maintain engineering staffs who are familiar 
with electrical needs, and who specify the performance and 
design of electric apparatus. In many instances, the equip- 
ment is procured and furnished to the airframe manufac- 
turer. However, equipment for personal aircraft is specified 
and procured by the airframe manufacturer. 

The final group is the Civil Aeronautics Administration. 
The CAA is a friendly umpire who vitally is concerned with 
air-worthiness, but who does not wish to impede develop- 
ments in aeronautics. The administration can be expected 
to take a more active interest in electrical matters as failure 
of electric equipment more closely concerns air-worthiness. 

The customer and ultimate user of the airplane is in the 
best position to prescribe the needs and requirements of 
electric equipment. It is this group which will experience 
the troubles that follow malfunctioning and failure of elec- 
tric equipment. Unfortunately, it is most difficult to as- 
semble requirements from this group. The military section 
of the customer group and some of the larger air lines have 
competent engineering assistance in electrical matters. 
Other customers, particularly private owners, have no inter- 
est in electric equipment beyond that of expecting satisfac- 
tory service. 

From the mass of data presented at the conference it is 
possible to present some general conclusions and recom- 
mendations. These are given in the following and a more 
detailed discussion of some problems follows. 

It was obvious from many of the comments that the custo- 
mer group should accept considerable responsibility. How- 
ever, as it is very difficult for a large portion of this group to 
contribute effectively, it is necessary to make recommenda- 
tions which do not completely follow the conclusions. The 
airframe manufacturer, midway between the equipment 
manufacturer and the customer, must assume responsibili- 
ties for both. 


CONCLUSIONS 


1; Responsibility for the integration of equipment into an electric 
system must be accepted by one group. The customer best knows 
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the mission of the airplane and is best suited for this position, but the 
airframe manufacturer is first to assemble the system. Lack of such 
control has given duplication of equipment, waste of electric power, 
unnecessary weight, and needlessly complicated circuits, as in the use 
of similar inverters for individual pieces of apparatus. 


2. Protection against failure now is recognized as a fivefold problem. 
Much work has been done, and apparently adequate answers are 
available for all known problems. One group must accept the 
responsibility of requiring the nature and amount of protection. The 
customer best knows the problems and the penalties. 


3. The equipment weight should be ignored. The primary need 
is that of specifying proper performance and reliability in much more 
complete detail. Then, let the customer procure and accept equip- 
ment on the basis of competitive price and weight. 


4. The engineering requirements of aircraft electric equipment have 
not declined with the end of war. The airplane in peace is still a 
global traveller and must meet the same environmental conditions 
as in war. 


5. The system guide, conceived and initiated by the air transporta- 
tion committee is needed badly by the industry. 


6. Competition in the design and production of equipment must 
be fostered to assure greatest engineering progress. 


7. The customer group should accept the responsibility of preparing 
specifications for all types of electric equipment. ‘This group alone 
knows the operating problems facing the complete airplane. 


8. Such standardization of parts to assure interchangeability without 
impeding progress should be fostered by the customer group. 


9. Complicated designs often are condemned unfairly. 


10. Standards for limits and method for measurement of radio noise 
should be prepared as soon as possible. This would appear to be 
merely a matter of compromising not too different opinions. 


11. Manufacturers of little things and of components must conform 
to the same rigorous requirements as those imposed on the airframe 
manufacturer. Too often specification requirements have not been 
handed down to subcontractors and a lowering of reliability has 
resulted. 


12. Customers must develop maintenance material and training. 


13. The aircraft operator has not been sufficiently vociferous in the 
past. Development engineers can produce answers when they know 
the problems. 


A series of recommendations follows from the foregoing 
conclusions. Only those of general interest are given below. 
Material for many more detailed conclusions and recom- 
mendations will be found in the data which follow, but only 
those of general interest are given. 


RECOMMENDATIONS 


1. That the airframe manufacturer group accept the responsibility 
of specifying system type and nature as well as integrating the various 
components of the system. 


2. That the customer group accept the responsibility of specifying 
the extent and method of protecting electric circuits and equipment. 


3. That an installation code be prepared by the committee. 


4. That an environmental standard or a series of such standards be 
established and published by the committee, so that all manufacturers 
can have access to requirements. 


5. That the systems guide be completed by the committee. 


6. That co-operation between customers and competition between 
manufacturers be stimulated to obtain the best and lightest equipment. 
It is to be hoped that the CAA will represent the personal aircraft 
owner in such co-operation. 


7. That standards for the writing of specifications to insure complete- 
ness be prepared by the customer group or by the committee. 
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8. That the customer group standardize mounting, space, and cir- 
cuit arrangements of as many items of electric apparatus as possible. 
It is recommended further that such standards be published under 
the auspices of the Society of Automotive Engineers. 

9. That a limit on radio noise and method of measurement be 
prepared by the customer group. 

10. That the committee lend impetus to the preparation of training 
manuals. 


Reference to the committee is made in the foregoing 
recommendations. This refers to the committee on air 
transportation or a subcommittee thereof. It is contem- 
plated that the best abilities of the equipment manufac- 
turers, the airframe manufacturers, and the customers will 
be represented on such a committee. They can set stand- 
ards, prepare specification requirements, and establish a 
performance code, representing the combined experience 
of the aircraft industry which will do much to anticipate and 
prevent electrical failures. Such self-regulation always has 
been far better than governmental regulation. 


DATA 


The failures which can occur in aircraft electric systems 
can be defined into four types by location: source, load 
center, circuits, and apparatus, plus hydraulic. When a 
source of power fails, it must be possible to transfer from that 
source simply and quickly, whether such transfer is accom- 
plished manually or automatically. Correction of a failure 
at a load center emphasizes reliability or continuity of serv- 
ice. Sectionalized feeder circuits probably will contribute 
much to such continuity. 

Correction of a failure in an individual circuit or piece of 
apparatus is not easy. ‘The obvious solution by means of a 
standby unit is impractical because the weight penalty 
would be severe. An exception has been made in the case 
of landing gear retractors where electric or mechanical 
standby units have been used. 

Failures of the hydraulic system are a hazard when they 
occur near electric units if the fluid is inflammable. Much 
work has been done towards the development of silicone 
fluids which will not support combustion and which have 
better temperature characteristics than the previously used 
hydraulic oils. 

A type of failure or near failure which must be considered 
is one which produces smoke or fire. Experience has shown 
the odor of burning insulation followed by smoke can pro- 
duce near hysteria in a flight crew. Faults should be cleared 
before smoke can develop. 

Problems of protection received much attention during 
the conference and it seemed evident that while solutions 
were available for all recognized problems, advantage was 
not always being taken of such solutions. The five objec- 
tives of protection were summarized as follows: 


1. Interrupt a fault before damage can occur. 

2. Isolate a conductor before smoke is emitted. 

3. Open circuits to equipment before the latter is damaged. 
4 


Isolate a fault so quickly that system voltage disturbance is 
minimized. 


5. Isolate a source of overvoltage. 


There was some opinion that the ideal protective system 
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could not be obtained. The ideal would permit the carry- 
ing of a sustained overload in time of need without loss of 
service when faults occur. The attainment of the ideal 
protection system will be tempered by the need of economy 
in weight. However, one estimate of 25 pounds for a 25-kw 
system indicated that the weight penalty would not be as 
severe as many earlier estimates. Further, much of this 
weight would be neutralized by the higher utilization factor 
of power sources, and lighter design of power consuming 
apparatus. 

Desirable characteristics of protective devices were sum- 
marized as follows: 
1. Normal transients should not trip the device. 
2. Operation of one should not cause operation of another. 
3. Time of operation should be short enough to limit damage. 
4 
5 


Attention of the crew should be drawn to a tripped device. 
Re-establishment of service should be simple and easy. 


Failure to obtain all the desired and needed characteristics 
in the protective device sometimes leads to duplication of 
effort. As an example, the inability of reverse current re- 
lays to protect generator circuits properly forced the develop- 
ment and use of an additional circuit breaker. Similarly, 
the use of nontrip-free circuit breakers can be blamed on the 
inability to produce completely satisfactory trip-free circuit 
breakers, or on the unwillingness of the aviation industry to 
pay the price for its development. 

‘Devices and their integration for the production of the 
newly developed a-c system for aircraft were described. By 
utilizing past experience with industrial and aircraft sys- 
tems, a comprehensive and promising series of protective 
devices have been developed. 

At least one problem of degree remains and that concerns 
the protection of cable to avoid odor and smoke. There is 
much variation in cable types, and much data remains to be 
accumulated on the current carrying capacity of cable in 
various installations. 

The fact that fullest advantage has not been taken of 
work thus far completed on protective methods and devices 
can be blamed on the customer group. This group must 
evaluate the extent of protection which is needed, make a 
choice of methods, specify devices, and request the instal- 
lation of complete protection in the airplanes. The elec- 
trical engineer in the plant of the airframe manufacturer 
cannot install complete protection in a new design, however 
slight the weight penalty, without the backing of the custo- 
mer’s specification. 

The importance of system characteristics and limitations 
has not been appreciated by the aircraft electrical engineer. 
There have been many examples of electric power supplies 
which could not meet transient demands of the loads of 
ground operation. Attempts to provide safety with dupli- 
cate services have been foiled by the use of a single control at 
a point in both circuits. Characteristics of relays, voltage 
regulators, and generators have not been controlled, and 
undesirable conditions of resonance could occur. Faults 
which would not be serious have pulled the system voltage 
‘below the recovery limit because a protective device re- 
quired too much time. The foregoing are only a few ex- 
amples of system problems, but they indicate the range of 
responsibility. 
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Only the airframe manufacturer’s electrical engineer is in 
a position to control system integration, as he is the only one 
who knows the final circuits of the airplane in time to study 
system problems before it is too late todo anything about them. 
The customer group can provide some able assistance par- 
ticularly when that group specifies and procures some of the 
apparatus which will be used. It is recommended that the 
committee help both groups by setting up system design 
criteria and standards in the guide. 

One of the hard-earned lessons of the war was the neces- 
sity of designing for environmental operating conditions. 
Apparatus manufacturers are prone to avoid these design 
limitations with the excuse that they no longer are needed. 
However, environment is not concerned with war or peace. 
Ice is a constant enemy in northern regions and has pre- 
vented the operation at crucial times of many types of 
switches and lighting equipment. Altitude lessens cooling 
effectiveness and voltage breakdown gradients. Moisture 
is more dangerous electrically than the fungi which it fosters. 
Customers’ and airframe manufacturers’ specifications must. 
continue to require designs which can survive environmental 
conditions to which the airplane will be subjected. It is. 
admitted that there will be several degrees of environment. 
A personal airplane will not be called on to operate at the 
same altitudes as a transport, and neither will face the ex-- 
tremes of the future guided missile. It is recommended 
that the committee set up standards of environmental condi- 
tions. 

Reduction in weight has worried designers more than it 
should. Excess weight handicaps the airplane and is to be 
avoided. On the other hand, there must be enough weight 
in a piece of equipment to insure reliability. It is the re- 
sponsibility of the customer group to resolve this dilemma. 
The customer specification must state clearly all require-. 
ments and provide adequate tests therefor. ‘Then, competi- 
tive bidding and manufacturing can be used to obtain a 
satisfactory article that is light in weight. The ultimate in 
weight and cost will be achieved only with the assistance of 
competition. 

Of major electric items, the voltage regulator received 
most criticism. Past designs will not retain their adjust- 
ment, they are maladjusted too easily by the crew, they do 
not feel safe, and maintenance is difficult. Progress is over- 
coming these objections also was reported, but it was evident 
that further development was needed. 

Limit switches also received criticism. As they are used 
in exposed locations, resistance to environment is very im- 
portant. Responsibility for failures also lie with the air- 
frame manufacturer inasmuch as in many instances trouble 
was experienced with linkage mechanisms. 

Warning systems which fail and give false warnings were 
ridiculed caustically. An important offender is the fire 
warning circuit, as a signal from this source requires that 
the engine in question be shut down, the propeller feathered, ~ 
and other emergency measures taken. This does not cause 
immediate hazard, but the increased fuel consumption by 
remaining engines may shorten the aircraft’s range until 
there is danger that the destination cannot be reached. 

Complicated designs were criticized, perhaps unfairly. 
Electronic circuits appear to be complicated, and yet they 


903. 


can give longer trouble-free service than can many simple 
mechanisms—such as switches. New types of automatic 
pilots are electronic, and they can do many more things 
than could the previous mechanical types. Fear of com- 
plicated designs should not void the opportunities in such 
equipment. 

The need for proper maintenance was noted often during 
the conference. This is a customer’s problem and respon- 
sibility. The aviation industry can be very proud of the 


maintenance methods and standards which have been 
developed for engines and aircraft. Electric equipment has 
been overshadowed by the more important mechanical 
equipment. Suddenly the electric system has become 
important, and the maintenance problem has become acute. 
Without doubt this need will be satisfied in excellent fashion. 
In the meantime, manufacturers of apparatus can make the 
task easier by considering maintenance in the original design 
and by preparing maintenance bulletins or handbooks. 


Electrical Essay 


Fourier Series Representation of Square Top Wave 


The square-top curve, C, shown in Figure 14 is said to 
be represented by the Fourier series 


4 

y=—[cos 6—1/3 cos 30+1/5 cos 50—1/7 cos70....] 
718 

Consider the family of curves, 


4 
Si; y=—[cos 8] 
wv 
4 
S23 y=—[cos 6—1/3 cos 36] 
Tv 
4 
53; y=—[cos @—1/3 cos 30+1/5 cos 50] 
Tv 


4 
Si; _y=—[cos 6—1/3 cos 31+1/5 cos 59—1/7 cos 76] 
Tv 


Si, S, S3, and S, are shown in relation to C in Figures 1B, 
1C, 1D, and 1E£, respectively. 


The family of curves, $1, S2, $3, S4, approaches as its limit, 
the square-top curve C. 


True or false? (Authors answer: False!) 
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Answer to Previous Essay 


The following is the author’s reply to his previously 
published essay (EE, Aug ’48, p 777). 

The pessimist is wrong. There can be no diamagnetic 
hysteresis with diamagnetic moment J, lagging the mag- 
netic field H. Such a phenomenon would violate the laws 
of thermodynamics and permit perpetual motion. Lord 
Kelvin first pointed this out. 

For iron, the loss per cycle is given by 


W= { HaB= f HdH+4r f Hdl, =40 f Hilly 


where the integrals are taken round the loop in the counter- 
clockwise sense as indicated. It readily is seen that the 
last integral is merely the area enclosed by the loop, taken 
with a positive sign. 

However, for a diamagnetic material, with diamagnetic 
moment J lagging H, a hysteresis loop would be as shown 
in Figure 2, so that the integrals in 


W= qP HdB= { HdH+4x 7! Haly=4n fi Hal, 


would be taken in a clockwise sense. 

Hence the last integral 
would equal the area of the 
loop, but with a negative 

S| sign. That is, the loss per 
cycle would be negative, and 
energy would be continuously 
drawn out from the diamag- 
netic material. 

' Any imperfection in the 
diamagnetism will make the 
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diamagnetic moment lead the magnetic field, not lag it. 
For example, consider as a model of a diamagnetic material 


an insulating material with microscopic spheres of con- 
ducting material scattered through it. 

If the microscopic spheres are perfect conductors, then 
the induced currents in the spheres always will oppose an 
impressed field, H, and will be in perfect time phase with H. 
If, however, the spheres are imperfect conductors, the 
circulating currents in the spheres which before lagged 
the voltage induced round the sphere equator by exactly 
90 degrees, now will lag this voltage by less than 90 degrees. 
Thus the phase of the induced current is advanced and not 
retarded by imperfection in the conductivity of the spheres. 

Imperfection in the diamagnetism therefore, will cause 
the diamagnetic moment to lead the magnetic field H, not 
lag it. This means that a static diamagnetic hysteresis loop 
is impossible. 

J. SLEPIAN (F° 27) 


(Associate director, Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


Precision Microtiming 


United States Navy scientists have developed a novel all- 
electric camera capable of accurately ‘‘magnifying”’ time 
four million times. This Zarem camera, invented by 
Doctor A. M. Zarem, heads the list of a series of ingenious 
precision time measuring instruments and devices used in 
photographic “‘microtime technique” that were announced 
at the Navy’s dedication of the new Michelson Labora- 
tory at the Naval Ordnance Test Station, Inyokern, Calif. 

Pointing toward highly increased precision and accuracy, 
these instruments open a new field of scientific analysis by 
means of what the Navy calls “synchronized microtime 
photography.” The shutter of the Zarem camera has 
been operated so fast that light moves a distance of only 10 
feet during the time of one exposure. It is being used pri- 
marily for the study of certain rapidly changing phenomena 
which heretofore science has been unable to observe and 
record accurately. 

The Zarem camera is about 25,000 times faster than the 
fastest motion picture camera commercially available. If 
moving pictures of a bullet leaving the muzzle of a gun 
were taken at this rate of 100,000,000 frames per second and 
projected on a screen at the normal rate, the bullet would 
appear to require about six hours to travel 25 feet. 

The extremely fast shutter time is obtained through the 
use of an electro-optical Kerr cell, a glass tube filled with 
nitrobenzene in which a pair of electrodes is immersed. 
This cell is placed between two polarizing filters crossed so 
that no light can be transmitted. However, when high 
voltage is applied to the electrodes in the Kerr cell, the state 
of the polarization of the polarized light is altered immedi- 
ately, allowing the light image of the subject being photo- 
graphed to pass through the camera lens to the film. By 
controlled timing of the voltage, photographic records with 
an effective exposure time of 0.01 millionth of a second have 
been obtained. The primary applications of this technique 
are to phenomena of ultrashort duration. The entire his- 


SEPTEMBER 1948 


Electrical Essay 


tory of an event under observation may take place in one or 
a few millionths of a second. 

Other types of ultrahigh speed cameras developed by the 
Navy include one with 76 lenses which is able to take pic- 
tures at the rate of 400,000 frames per second. ‘The lenses 
are arranged in an arc around an 8-sided mirror which re- 
volves at a rated speed of 30,000 rpm. Light from the sub- 
ject is reflected from the revolving mirror through the 
arc of lenses to a stationary strip of ordinary 35-millimeter 
film. Known as the RC-4, this cacra was developed by 
Doctor I. S. Bowen for the Navy program and it has been 
highly successful in scientific studies of high explosives and 
shock waves. 

The rotating mirror principle is used in still another type 
of high speed photographic analysis. ‘Time-resolved spec- 
trograms may now be obtained of instantaneous phenomena 
such as electric sparks. Typical electric sparks last any- 
where from one millionth of a second to 20 times that long 
and with this method scientists are able to tell at what time 
during the brief history of the spark various parts of the 
spectrum are formed. 

Similar to the RC-4 is the RC-3 camera, which uses the 
principle of the rotating mirror but contains no shutter. 
Although it is not a true motion picture camera, but gives: 
only a smear type of photographic record, it has been most 
valuable in certain studies of Naval Ordnance. Like the 
other cameras in use by the Navy scientists of Inyokern, this 
camera is able to photograph only those subjects which can 
be illuminated brilliantly or are in themselves a brilliant 
light source. 

Other microtime instruments are the shadowgraph and 
shock channel which photographically record ordinarily 
invisible shock waves traveling through air or other gases. 
Work has been done in this field before but the Navy’s de- 
vice has been specially developed for use in new fields of 
microtime research. 
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Electrification of Petroleum Pipe Lines 


M. A. HYDE 
MEMBER AIEE 


4 (eed ADVANTAGES of pipe lines for the overland 
transportation of petroleum and its refined products 
have been demonstrated thoroughly, with more than 85,000 
miles of trunk crude oil and products lines now operating 
in the United States of America alone, and construction of 
new lines proceeding at a rate limited only by the availability 
of pipe. Electric power is used increasingly for pipe line 
operation, because of its increasing availability and a 
widening appreciation of its advantages from the stand- 
points of investment in station equipment, maintenance and 
attendance costs, reliability, and effectiveness of control. 

Constant speed motors can be applied to meet the prac- 
tical operating requirements of most pipe lines. Most 
modern lines employ a series of stations each containing 
pumping units of the centrifugal type, in series connection 
with by-pass connections. With advantageous choice of 
unit size it is possible to operate on reduced-capacity steps 
by shutting down units along the line, so selected as to keep 
the pressures at the several stations within the prescribed 
operating limits on the suction and discharge sides. In this 
procedure it is sometimes advantageous to install one of the 
pumps at each station so designed as to develop half the 
pressure put up by each of the remaining units. Even 
greater flexibility can be obtained by designing one unit per 
station for operation at variable speed through a hydraulic 
coupling, or by wound rotor induction motor, with the 
remaining units operating at constant speed. 

Automatic pressure-limit control by throttling valve is 
useful in compensating for unavoidable deviations of the 
line from hydraulic balance. A control system commonly 
employed automatically introduces throttling at the dis- 
charge of each station to prevent a rise of the outbound line 
pressure above the established upper limit, and also intro- 
duces throttling to prevent a fall of the station suction 
pressure below the desired minimum. Such a system is 
useful also for putting individual pump units into or out 
of service with minimum pressure disturbance on the line. 
It is always desirable to operate with as little throttling as 
practical, because the throttled pressure is a part of the 
pump input power that is not utilized in the line. Hence it 
is advantageous to select the pump unit sizes so as to prc- 
vide reasonably small increments of pump pressure. 

While many early crude line installations employed open 
motors, directly coupled to the pumps, today’s preferred 
practice is to separate such motors from the pump room by 
a tight partition, with a seal for passage of the motor shaft. 
_ The inconvenience of a partition between pumps and 
motors, and the problems of motor room ventilation, are 
eliminated by installing motors designed for location in the 
pump room directly coupled to the pump. The explosion- 
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proof motor is built for this purpose, and in the squirrel 
cage induction type is now available in ratings up to 
1,250 horsepower at 3,600 rpm. Enclosed duct-ventilated 
motors have been used extensively for larger sizes. Such 
motors should be force-ventilated and pressurized by a 
separate blower at the air intake, to put the entire system 
including the motor housing under pressure, causing any 
leakage to be outward from the duct system. The control 
should be so arranged that before the pump motor can be 
started the duct system is purged for a timed interval. An 
air-flow relay at the discharge end of the duct should stop 
the motor and prevent its being restarted if air flow fails. 

In the application of motor starting equipment one of 
the chief advantages of the squirrel cage motor is realized, 
namely simplicity of control. Ultimate simplicity is at- 
tained by starting on full line voltage, a possibility that 
always should be explored when the power service is being 
planned. Starting conditions are improved if the station 
capacity is divided into two or more units, an arrangement 
already shown desirable for flexibility. In instances where 
power is available only over weak service, capacitors have — 
been used to minimize the lagging component of motor 
current, both for starting and running conditions. 

Motor control usually is installed remote from the pump 
room or in a separate room maintained nonhazardous by 
pressurized ventilation. With this arrangement the control 
is of conventional nonexplosionproof type, which is advan- 
tageous from the standpoint of convenient maintenance. 

A power distribution layout frequently followed feeds 
the station bus through a main circuit breaker installed in 
the transformer substation at a distance of 100 feet or more 
from the station. Tripping the main circuit breaker clears 
all circuits on its load side, and for this purpose explosion- 
proof devices are provided inside the station. To avoid 
interrupting essential loads such as station lighting and 
control room ventilation, these are served through a tap 
on the supply side of the main circuit breaker and on this 
circuit explosionproof equipment is installed throughout 
the station. 

One of the prime advantages of electric power for pipe 
line pumping is the simplification of operating procedure 
and reduction of operating personnel through the use of 
centralized station control. When its possibilities are ex- 
ploited fully, this includes the grouped location, on a 
control board, of pushbuttons for starting and stopping all 
the main pumps, the automatic sequence operation of 
motorized valves on the suction and discharge of each 
pump, supervision by indicating light of the position of 
principal valves, light supervision of critical auxiliaries, 
also a common audible alarm in combination with indi- 
vidual light identification for each of the various protective 
devices. The control board usually is installed in con- 
junction with a gauge panel sealed into a window sepa- 
rating the control room from the pump room. 
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48-144—-ACO—Psychotechnical Methods 
Employed to Select Personnel for Indus- 
tries; David W. Mehl (A’45). This paper 
deals with the use of well-known and ap- 
proved psychotechnical methods to deter- 
mine the fitness of applicants applying for 
positions in industry and other lines of busi- 
ness by testing them for desirable characteris- 
tics. The experience which a _ telephone 
company in Mexico has had in conducting 
these tests with applicants is explained fully 
and numerous examples given of the various 
tests employed. Stress is placed upon the 
satisfactory results obtained by certain tests 
and the disuse of other tests. ‘The combina- 
tion of two different methods is explained and 
its usefulness clarified. ‘The economical fea- 
ture of the tests is mentioned and how the 
tests enable the company to choose and pick 
out desirable applicants from those who have 
had little or no experience. It is pointed out 
that results obtained have brought about a 
far better understanding between employees 
and management and between the employees 
themselves. 


48-157-ACO—The Intercommunication of 
the Ericsson and Rotary Automatic Tele- 
phone Systems in Mexico City; Carl 
E. J. Danielsson (A’?34). The two automatic 
telephone systems of Mexico City, Ericsson 
and Rotary, functioning independently for 
many years, were interconnected on January 
10, 1948, thus forming a single 100,000-line 
telephone network. Calls between the two 
systems, which are of different design, are 
established automatically with the same ease 
as a local call, the selection of the desired 
number, being controlled by means of an 
auxiliary register, working in parallel with 
the local register in the exchange where the 
call is originated. 


48-130-ACO—Manufacturing Electric Ap- 
paratus in Mexico; J. V. Schmill (A’44), 
R. M. MacGregor (M46). This paper on 
the manufacturing of electric apparatus in 
Mexico points out the need for the establish- 
ment of electrical industries to maintain 
financial prosperity and economic stability in 
the country. It is estimated that Mexico 
will produce 50 per cent of all electric appara- 
tus and appliances that are used in the coun- 
try. Various manufacturing difficulties are 
described such as altitude which has a direct 
bearing on the construction of motors, avail- 
ability of materials, type of market to be 
supplied, and the over-all labor situation. 
Lack of standardization of voltage is a draw- 
back to manufacture and sales as, likewise, is 
the shortage of electric power in many sec- 
tions. It is pointed out that the limited 
market in Mexico for certain electric prod- 
ucts such as refrigerators does not permit 
changes of designs and models as frequently 
as in the United States because of the heavy 
investment required for tool changes. Ex- 
treme shortage of skilled labor will require a 
comprehensive training program of men who 
never have seen a machine or the inside of a 
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factory but, due to the average Mexican 
workman’s ability to learn quickly, such a 
program can be speeded up. Housing and 
transportation of workmen offer additional 
problems as many factories are being con- 
structed in far-off outlying districts. 


48-146-ACO—The Impacts of Electronics 
on Engineering Education in the United 
States; W. G. Dow (M’32). It is pointed 
out that electronics is exerting a powerful 
broadening influence on electrical engineer- 
ing practice, and therefore a correspondingly 
broadening impact on the hitherto relatively 
narrow but intensively treated electrical sub- 
ject matter of engineering curricula in the 
United States. The theme of the paper is 
that breadth must be incorporated without 
sacrificing the present strength in depth. 
The broadening impact is extending the 
study of a-c linear circuitry to include for all 
students a coverage of all usable frequencies 
and power levels; it should give a strong 
place in the curriculum to certain noncircuit 
studies for electrical engineers, such as radio 
propagation, heat transfer, quantum me- 
chanics, electron dynamics, and the kinetics of 
random motions of electric particles. Intro- 
duction of the formal study of Maxwell’s 
equations into the undergraduate curriculum 
is anticipated. Questions are raised as to 
what is the most useful purpose of the fifth- 
year offerings, in view of the increase in 
variety of electrically important subject 
matter, and of the undesirability of early 
specialization. Attention is called to the 
increasing demand for the teaching of more 
electrical engineering material, and par- 
ticularly electronics, to nonelectrical engineer- 
ing students, for instrumentation and control 
purposes. 


48-185-ACO—Electronic System to Control 
Speed and Tension in Paper Manufactur- 
ing Machines; Angel Rosales de la Mora 
(A’44), The electronic Amplidyne system 
speed regulator is very simple compared 
with any other known before. It is possible 
to avoid many mechanical complications 
and to obtain a very simple operation. A 
master voltage of common reference for all 
the regulating units has the main purpose of 
maintaining the constant speed, once this 
has been selected. The speed of each sec- 
tion is indicated by means of a pilot genera- 
tor, it is compared with the reference voltage 
and any difference will increase or decrease 
the voltage of the motor camp, maintaining 
it at the desired speed. The amplifier con- 
sists of two parts, an electronic preamplifier 
and an Amplidyne generator as power 
amplifier. The combination offers the most 
satisfactory results to obtain fast corrections 
and avoid complications of mechanisms, 
giving as a result advantages of great useful- 
ness. 


48-147-ACO—International Aspects of 
Technical Literature; Edward P. Hamilton. 
Since the days of Galileo, the true measure of 
scientific accomplishment has been in terms 
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of the scientist’s net contribution to the 
physical, intellectual, and spiritual welfare of 
man, The real philosophy of science has 
admitted of no purely nationalistic boundar- 
ies; and scientists on the whole have been 
among the most ardent proponents of unre- 
stricted speech and the free communication 
of their ideas to contemporaries in other 
lands and on other continents. At the same 
time, however, and possibly as an accompany- 
ing result of the natural tendency for tech- 
nical men of similar interests to band together 
in professional groups or societies devoted to 
the advancement of a particular specialty, 
certain disturbing evidences of nationalism 
have crept into the scientific picture. Leav- 
ing aside questions of national or continental 
security, an indication of this unfortunate 
nationalism, or sectionalism, can be found in 
the complacency with which many scientists 
and engineers tend to regard the current state 
of scientific literature dealing with their own 
particular specialties. 


48-181-ACO—Electric Cables in Mines; 
E. W. Davis (F’?34). In the early days of 
mining, electricity was not instrumental in 
the mining of coal or other minerals, and 
cables generally were referred to as wire 
ropes for coupling cars or hoisting cages in 
shafts and cars on slopes or inclines. Gradu- 
ally, steam-driven hoists, pumps, and ven- 
tilation fans were converted to electric drive; 
and animal haulage was replaced with trolley 
locomotives and storage-battery locomotives. 
With the increased speed in transportation 
afforded by electrically driven haulage 
equipment, it became necessary to speed up 
mining operations. Electric transmission 
cables were extended to the working places, 
and electrically driven machines were 
enlisted to drill, cut, and load the product. 
Today mining is one of the largest industries 
in the United States and is heavily electri- 
fied. Because of the specialized nature of 
many branches, the electric equipment in- 
volved is highly unique. This specialization 
extends even to the fixed and portable cables 
used to supply the equipment with electric 
power. In particular, coal mining has re- 
quired the development of special electric 
cables peculiar to this branch of the mining 
industry and adapted to fit the many ma- 
chines employed in taking the coal from the 
seam or vein and bringing it to the surface. 
The mechanization of coal mines has re- 
sulted in a great increase in the amount of 
mobile mine machinery. Not so many 
years ago, there were only drills, mining ma- 
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chines, and gathering locomotives at the face. 
Today, in addition, there are shuttle-cars, 
loaders, drill trucks, duck bills, and face 
conveyers—all requiring trailing cables. 
Much of this equipment is interdependent for 
continuity of operations, hence the need for 
the utmost care in the mechanical handling 
of an extremely important component—the 
associated electric trailing cables. 


48-159-ACO—The Equivalent Circuit and 
Constants for a Double Squirrel-Cage 
Rotor Induction Motor; R. C. Frese (A’45). 
The theory and application of double 
squirrel-cage induction motors, has been dis- 
cussed extensively in the technical literature 
by different authors. But very little has been 
written about a method whereby this theory 
can be applied, in order to enable the design 
engineer to calculate the constants and per- 
formance of a double squirrel-cage rotor 
induction motor. ‘This paper is an attempt 
to develop a simplified method to calculate 
the motor starting and running constants. A 
knowledge of these constants permits the 
calculation of motor performance by any of 
the usual methods. 


48-137-ACO—A Practical Application of 
Standard Apparatus—Factory-Assembled 
Substation; D. E. Craig (A’ 45), E. M. Hunter 
(F’48), L. D. Madsen (M’47). Adequate 
planning for growth and consideration of 
apparatus standards in early planning stages 
result in all of the recognized economic, 
installation, and operating advantages in- 
herent in the present and future application 
of standard factory-assembled substations. 
The paper’s description of standard factory- 
assembled substations shows: 


1. That these substations are made up of items which 
are built in accordance with industry-wide standards 
and therefore acceptable from the standpoint of quality, 
rating, and operating characteristics. 


2. There are five standard basic types of primary 
substations: radial, low-voltage selective, primary net- 
work, spot network, and duplex. 


3. There are four standard basic types of secondary 
substations: radial, low-voltage selective, spot network, 
and low-voltage network. 


4. That they may be applied to electrical utility systems 
or industrial systems. 


5. That they may be used to supply power and lighting 
in industrial plants or auxiliary power in generating 
stations, 


6. That they may be installed indoors or outdoors. 


7. That the few simple, standardized components may 
be combined to provide a large variety of substations. 


8. That adherence to these existing standards facili- 
tates system planning, procurement, and installation of 
substation equipment. 


The use of equipment which has been 
proved by many years of operation under 
many conditions is a logical substitute for 
-many months.of planning and study by skill- 
ful engineers. The use of equipment manu- 
factured in accordance with well-established 
industry standards simplifies all of the steps 
necessary to put an electric system into 
successful operation and keep it operating at 
a minimum of expense in time and money in 
initial cost, upkeep, and future expansion. 


48-183-ACO—Safety Codes as American 
Standards; W. R. Smith (F’30). The goal 
toward which those who co-operate in stand- 
ardization work set their faces is not reached 
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when standards are completed and approved. 
It is the use of the standards that is the end 


desired and only through utilization and the . 


endorsement that thus is evidenced will the 
real purposes behind the effort be accomp- 
lished. This is especially true of safety 
standards and calls for the development, in 
the minds of those concerned, of a willing- 
ness to accept the standards that are estab- 
lished and then go forward from there. 
Such standards are not static and can be 
changed as experience demonstrates the re- 
spects in which they are inadequate or have 
gone too far in their requirements. As the 
effort goes forth to eliminate trade barriers 
and promote an ever-increasing flow of com- 
merce between all nations of the earth and 
especially between the countries of our west- 
ern hemisphere, we must be ever conscious 
of the contribution of safety standards. 
Safety standards are the means by which the 
experiences of one generation, or of an indus- 
try, can be made to serve those who come 
after and who thus may be saved the neces- 
sity of proving for themselves through their 
own individual experiences the correctness of 
the safety provisions concerned with designs 
or practices and procedures. In relations 
between an industrial enterprise and govern- 
mental agencies and between plant manage- 
ment and labor, safety standards can be of 
inestimable value in providing the means for 
the solution of many problems that otherwise 
might be difficult. Much of that which re- 
sults in controversies before courts and com- 
missions is concerned with what is intended 
in words and phrases and safety standards 
represent agreement, in advance, on defini- 
tions and requirements, so that those hazards 
to be overcome by safety features in machinery 
or in practices of use and operation are de- 
fined in terms that have been accepted by 
qualified representatives of all interested 
groups. May it not, therefore, be antici- 
pated that as the true significance of these 
safety standards becomes more generally 
understood, and the benefits in every way 
realized by all concerned, then will thcse who 
have labored to establish the standai ds feel 
that their work has not been in vain. To all 
who have contributed in any way, will come 
that satisfaction which is enjoyed only by 
those who through the exercise of sound 
judgment, have selected and placed in the 
hands of workers in all fields those tools 
which are best suited to their tasks. 


48-142-ACO—The T_xtile Industry in 
Mexico; Aurelio Lobato: Problems of the 
cotton textile industry in Mexico are dealt 
with and it is pointed out that a poor quality 
of fabric is manufactured because of the low 
purchasing power of workmen and small 
farmers w.i0 constitute the largest number of 
consumeis of cotton goods. As a conse- 
quence, inodernization of the industry has 
been slowed up and hand labor has caused 
production costs to be high. Labor contracts 
which at one time served their purpose and 
permitted harmonious management-labor 
relations as well as continuous uniform out- 
put by the mills are today inadequate as a 
result of opposition by workers to installation 
of modern equipment which cuts down num- 
ber of operators and introduction of new sys- 
tems which further lessens employment of 
ordinary labor. Comparisons are made of 
labor output in the textile industries of the 
United States, England, and Mexico. Re- 
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vision of the old labor contract to enable the 
textile industry to be modernized now is be- 
ing done inasmuch as labor and the govern- 
ment have agreed that such a revision is re- 
quired. It is anticipated that it will take ten 
years to modernize the textile industry in 
Mexico at a cost of 40 million dollars to 
which must be added 30 million dollars to 
purchase 5,000 new looms to take care of the 
future consumer demand. All financing will 
be effected in Mexico. 


48-154-ACO—Comments on the Develop- 
ment of Modern Power System Design 
Concepts and Operating Practices; D. M. 
Jones (A’27). Electric Power is the basis of 
our industrial age. This industrial age al- 
ready has produced the highest living stand- 
ards. Thus there is a basic urge on the 
part of society to continue this industrial era. 
Out of this has developed the rising general 
demand for electric power. This demand 
dictates a sustained development of power 
systems. This development is leading to a 
basic power system design and operating 
pattern with both practical and economic 
advantages, and has reached a stage where 
trial and error have been superseded by pre- 
cise analysis. Therefore there is now little 
excuse for random departures from this basic 
trend in system design, especially when it is 
realized that such departures will carry 
economic penalties. With the power system 
pattern thus crystallized, the rising demand 
for power ahead can be met with under- 
standing and assurance. 


48-118—Trends and Practices in Modern 
Industrial Power-Distribution Systems; 
W. C. Bloomquist (M?45). As suggested by 
the title, this paper describes and summarizes 
some of the important factors for a modern 
industrial power-distribution system includ- 
ing selection of voltage, distribution methods, 
circuit arrangement for varying degrees of 
service reliability, capacitor applications, 
system grounding, safety, and the over-all 
economic importance of factory-assembled 
unit-type equipment. The selection of sys- 
tem voltage and how voltage level is influ- 
enced by economic consideration is well 
covered. Included is a useful chart showing 
preferred voltages for main power distribu- 
tion and generation in terms of plant elec- 
trical capacity. The load-center method of 
power distribution—its principles, economic 
advantages, and applications—s summarized 
briefly. The importance of the reliability of 
the electric system from the management 
viewpoint is introduced. The more common 
circuit arrangements for enhancing the 
system reliability are shown and described 
briefly. The operating advantages of 
grounded operat‘on for the main power- 
distribution sy>tem are covered. The trend 
is definitely toward this type of operation. 
Attention 1s called to the importance o! 
properiy engineering the plant protective 
grounding system in the interest of safety to 
personnel. Data are included showing ‘he 
electric system capacity released by power- 
factor improvement and the economic limits 
of capacitors for this purpose. The advan- 
tages of factory-assembled unit-type equip- 
ment and the economic advantages of stand- 
ardized equipments from both the user’s and 
manufacturer’s viewpoint are well sum- 
marized. 
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INSTITUTE ACTIVITIES 


We Begin a New Institute Year 
—A Message From the President 


Together we begin a new Institute year—a 
year in which each of us advances his contri- 
butions of the past year into the year at hand 
for great mutual good. 

For each member everywhere there is 
work to be done, enjoyable work, together 
with your associates to continue the engi- 
neering friendships which you have established 
and to make new ones, and to progress the 
activities with which you are associated, be 
they Section, Student Branch, technical com- 
mittee, general committee, or officer at 
Student Branch, Section, District, or national 
level. 

Our far-reaching activities covering all 
electrical engineering have been well estab- 
lished and their interest has been vigorously 
maintained and advanced. There may be 
some members, however, who do not feel 
that they are sufficiently established within 
the Institute to have caught its full spirit, to 
have appreciated its vast contributions, to 
have made the Institute life a vital part of 
their engineering life, who have not had the 
pleasure of Institute engineering friendships. 
To these I suggest a definite budget of time 
for Section activities, meeting and joining 
with their associates to progress the planned 
activities and to join in the planning of what- 
ever is together thought to be mutually help- 
ful, ever mindful of the opportunity awaiting 
participation, which means the giving of time 
and talents to the progression of the desired 
work. This is the formula of those who have 
gone before; this is the formula for us now. 

And as opportunity advances to join in the 
District and national activities, the enjoy- 
ment and satisfactions become the greater. 
And for the Students, a full participation in 
the Student Branch activities is the fore- 
runner of all of these. There is a place for 
_every member and a work for every member 
to do if he but will. 

Especially to the Student members who 
just have been graduated from their engineer- 
ing schools and who are continuing their 
electrical engineering activities, do I urge 
that you enter the Section activities of the 
Institute in your community where you are— 
making yourselves known to the officers, and 
bringing to the Section your abilities for con- 
tinued participation. And the Section mem- 
bers and officers welcome you to this further 
participation. 

Our national problems are not many. We 
are not quite balancing our budget. Each 
member has received the chart of income 
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and expenditures. We will have to act on 
this problem during the year. Expenditures 
have been scrutinized carefully. Increased 
costs have affected us as well as all others. 
As I am privileged to talk with more and 
more of our members, I find they do not 
want our opportunities for further participa- 
tion to be jeopardized. They are proud of 
our standing as a profession. They want 
continued participation, and express a wil- 
lingness to sustain it, even at increased cost. 

Everywhere I go I find the members ask- 
ing as to the over-all engineering society. 
The activities in our Institute on this subject 
in the past two years resulted in a report; 
this has been referred to Engineers Joint 
Council. There it still is. 

But I would call definitely to your careful 
attention the opportunities we have for par- 
ticipation to bring to engineers the recogni- 
tion which engineers see in their brother pro- 
fessions of the law and of medicine. I call 
to your attention that there is a doctor in the 
intimate talk in every family circle of our 
land; there is a lawyer in the intimate talk of 
nearly every family circle of our land; 
whereas the engineer, while bringing con- 
tributions to every family in our land through 
his daily activities to bring into being every 
material thing we have, is not personally in 
the intimate talk of every family circle of our 
land. ‘The engineer in his contributions is a 
man apart—his contributions are the thing— 
not the engineer as an individual. 

Now the engineer can change this if he 
will participate the more in the personal 
aspects of our life. We are told today the 
education facilities in every community in 
our land need added aid. Through com- 
mittee and school participation engineers can 
be of service here, and as the service is per- 
sonal, the engineer becomes known, and 
engineers will become known for their ser- 
vice. This is only one of many opportunities. 
They abound in the service clubs, in civic 
programs, in the churches. Through an 
augmentation of personal participation in 
these services, recognition of the engineer will 
become established. This is not new. It is 
going on and has been for years. But there 
needs be more, and it needs to be made more 
personal. I trust that in each Section the 
program committees, as they plan their Sec- 
tion meetings for the year, include a meeting 
wherein the member participation in com- 
munity affairs be the subject. And may it 
be thoughtful. Let it be an experience 
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meeting, just as our technical meetings are 
experience meetings. And let it be the be- 
ginning of many more tocome. And if per- 
chance there are no experiences to relate, let 
that situation be studied and analyzed to 
answer the question, ‘‘Why??” And I am 
sure the results will be for great good. 


We will not stop in our efforts for an over- 
all engineering society; however, personal 
engineering recognition which many engi- 
neers feel they should have will not come from 
the top alone. It can come only if there is 
the personal knowledge of engineers and their 
contribution at the individual level in the 
community. This each engineer has to 
bring about himself. The whole then will 
emanate as a totality, ever enlarging from 
the local participation to the over-all. To 
those engineers who may not feel this way, I 
offer the foregoing for consideration and 
thought and action. 


In the last analysis, the world needs 
engineers for engineering, and it needs elec- 
trical engineers for electrical engineering. 
To this need we apply ourselves. The 
efforts we put into the more general activi- 
ties to bring to our fellowmen a more personal 
knowledge of the engineer is the frosting of 
the cake. We have baked a good cake. 
And if we want it frosted, we will have to 
frost it. 
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Middle Eastern District to Meet 
in Washington, D. C., October 5-7 


A technical program of exceptional interest 
has been planned for the 3-day meeting of 
the Middle Eastern District to be held in 
Washington, D. C., October 5-7, 1948. 
Headquarters will be in the Statler Hotel 
with registration beginning Monday after- 
noon, October 4. A general session will be 
held at 10:30 a.m. Tuesday, with Doctor 
E. U. Condon, director of the National 
Bureau of Standards, as the principal speaker. 
The air transportation committee has selected 
this meeting for its principal technical sessions 
on air transportation for the year, and air- 
craft electrical engineers should find many 
papers of interest. Four technical sessions 
covering marine transportation are scheduled 
and will afford an unusual opportunity for 
marine electrical engineers in manufacturing, 
shipbuilding, and the government agencies to 
meet for the discussion of a diversified group 
of marine electrical subjects. Inspection 
trips of unusual interest, entertainment for 
the women, a smoker, and a dinner-dance 
assure a busy time for everyone. 


INSPECTION TRIPS 


An inspection trip to the David Taylor 
Model Basin Research Laboratory has been 
planned for Wednesday afternoon. Thurs- 


day morning the Carnegie Institution of 
Washington will be the center of interest. 
Thursday afternoon two trips are scheduled, 
one to the Washington National Airport, the 
other to the National Bureau of Standards. 


ENTERTAINMENT 


A smoker will be held on Tuesday evening 
and a banquet followed by dancing on Wed- 
nesday evening. Golf and tennis will be 
arranged for as requested. The women’s 
program includes an informal supper-game 
party while the smoker is in progress. A 
sight-seeing trip to Mt. Vernon with lunch- 


‘eon at Collingwood Inn has been planned for 


Wednesday. Thursday has been set aside for 
sight-seeing and shopping in Washington 
proper. 


HOTELS 


Meeting headquarters will be in the Statler 
Hotel which is within two blocks of the 
Carlton, Hamilton, Hay Adams, and Lee 
Sheraton Hotels. Members of the District 
receiving an ‘‘Application for Hotel Accom- 
modations”’ form should fill in and mail it 
promptly to the hotel of their choice. Con- 
firmation will be made directly by the hotel 
accepting the reservation. 


Tentative Technical Program 


Rates are as follows: 
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Single Twin Beds 
Statler. cic asi ataere $4.50-$11.00........$9.00-$13.50 
Carlton. -e\.cets sau» 6.00= B00 scccetes = .9.00= 41200 
Hamilton's 9. coca 2s 4.50= 5.00... 4. 7.00— 8.00 
Hay Adams........ 4.50= °7100.08 -een- 6.00=" 9°50. 
Lee Sheraton...... 4.50- 6.00........ 7.00- 9.00 


ADVANCE REGISTRATION 


Members of the District who will be sent 
advance registration cards should fill them 
out as soon as possible and forward them 
to J. O. Pease, Chairman, Registration and 
Housing Committee, Rumsey Electric Com- 
pany, 219 Southern Building, Washington 5, 
D. C. Prompt action greatly will assist the 
committees making arrangements for the 
meeting and save time upon arrival. A 
registration fee of $2 will be charged all 
nonmembers, except Enrolled Students and 
the immediate families of members. 


DISTRICT MEETING COMMITTEE 


Members of the District meeting com- 
mittee are as follows: 


William McClellan, honorary chairman; Fischer Black, 
general chairman; W. F. Dietz, arrangements; D. K. 
Steidinger, secretary-treasurer; D. S. Bender, technical 
meetings; J. S. Antel, students; R. D. Bennett, special 
meetings; L. H. Cleary, finance; I. F. Conrad, publicity; 
F. B. Crider, smoker; C. H. Giroux, sports; Mrs. W. J. 
Lank, ladies; W.J. Lank, entertainment; D. Lewis, dinner; 
J. O. Pease, registration; G. R. Wilhelm, inspection trips. 


Middle Eastern District Meeting, Washington, D. C., October 5~7, 1948 


Tuesday, October 5 


2:00 p.m. 


CP.* Captain A. H. Bergeson, United States Navy, 
Bureau of Aeronautics 


Air Transportation 


48-213. Analysis and Redesign of a Carbon Pile 
Voltage Regulator for Aircraft Generators. W. B. 
Kouwenhoven, G. J. Thaler, Johns Hopkins University 


48-214-ACO**, Aircraft Carbon-Pile Voltage Regu- 
lators, Fundamentals and Design Improvements. 
B. O. Austin, H. H. C. Richards, Westinghouse Electric 
Corporation 


CP.* Personnel Safety in Aircraft High-Voltage 
Electric Systems. M. H. Adolphe, Lockheed Aircraft 
Corporation 


2:00 p.m. Power 

48-212. The True Dielectric Breakdown Strength 
of Electric Cable Insulating Papers. Paul Cloke, Burt 
Bates, University of Maine 


48-216. An Experimental Investigation of the 
Electrical Performance of Bolted Aluminum to Copper 
Connections. W. F. Bonwitt, Burndy Engineering 
Company, Inc. 


2:00 p.m. 


48-217. Naval Ordnance Laboratory 6-Trace Cath- 
ode-Ray Oscillograph. P. L. Edwards, Naval Ord- 
nance Laboratory 


48-218-ACO.** A Precision Electrothermic Volt- 
meter for Measurements between 20 and 20,000 Cy- 
cles Per Second. F.L, Hermach, National Bureau of 
Standards 


48-219. Performance of Portable Electric Instru- 
ments in Magnetic Fields, A. E. Peterson, National 
Bureau of Standards 


Electric Instruments 


CP.* Effects of Harmonics on Watt-hour Meter 
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Registration A. G. Ennis, John Hopkins University 
Applied Physics Laboratory 


2:00 p.m. 


48-220. Silicone Insulation in Submarines—Toxicity. 
H. P. Walker, Bureau of Ships, United States Navy 
Department; Lieutenant Commander T. E. Shea, Naval 
Medical Research Institute 


48-221. Functional Evaluation of Insulating Mate- 
rials. K. N. Mathes, General Electric Company 


48-222. Magnetic Amplifiers for Naval Shipboard 
Applications. L. W, Buechler, Bureau of Ships, United 
States Navy Department 


Marine Transportation 


Wednesday, October 6 


9:00 a.m. Air Transportation 


48.215-ACO.** Sensitive Relay Contact Protection 
Systems. J.P. Dallas, T. H. McCully, Hughes Air- 
craft Company 


48-203-ACO. Protection of the Airplane Main Bus. 
D. W. Exner, Boeing Airplane Company 


48-223. Proposed Circuit for Aircraft Reverse- 
Current Cutout. J. M. Marzolf, Naval Research 
Laboratory 


48-224. 
Element. 
Company. 


9:00 a.m. Illumination Joint Session 
Illuminating Engineering Society-AIEE 
CP.* Sources for Projection Equipment. J, A. 


Bartelt, Engineer Research and Development Labora- 
tories, Fort Belvoir 


CP.* Modulated Light Sources. 
Northwestern University 


A Polarized Relay as an Aircraft Control 
R. E. Johnson, F. A, Glassow, Barber Coleman 
Demonstration 


W. S. Huxford, 


CP.* Atmospheric Transmissometry. 
National Bureau of Standards 


C. A. Douglas, 
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CP.* Lamp Progress and Development in 1948. 
Alston Rodgers, General Electric Company, Nela Park 


9:00 a.m. Naval Testing 

CP.* The Design of an Instrument Servomechanism 
to Be Used ona Recording Ship Model Dynamometer. 
Henry Carleton, David Taylor Model Basin 


CP.* Safety Control Features of Towing Dynamo- 
meters at the David Taylor Model Basin. L. G. 
Lehman, David Taylor Model Basin. 


CP.* The Electrical Design Features and Prediction 
of the Performance of the Navy’s New 12-Motor 
High-Speed Towing Dynamometer. S. E. Dawson 
David Taylor Model Basin 


9:00 a.m. Nuclear Engineering 


CP.* Survey of Radiation Measurement Methods. 
G. W. Dunlap 


CP.* Power from Piles. 
Goodman 


Farrington Daniels or Clark 


CP.* Relative Comparison of Various Types of 
Accelerators. Stanley Livingston 


CP.* Instrumentation and Techniques of Protection 
from Radiation Injuries. K. 2. Morgan 


9:00 a.m. 


48-225. Selective Tripping Arrangements for Pro- 
tection of Ships’ A-C Electric Distribution Systems. 
J. R. Cole, Bureau of Ships, United States Navy Depart- 
ment 


Marine Transportation 


CP.* Development of Selective Tripping of Low- 
Voltage Air Circuit Breakers. William Deans, I-T-E 
Circuit Breaker Company 


48-227. Shipboard Degaussing Installations for 
Protection Against Magnetic Mines. N. B. Michel, 
Bureau of Ships, United States Navy Department 
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48-228. Compensation of Effects of Degaussing 
Coils on Shipboard Magnetic Compasses by Use of 
Compass Compensating Coils. R. A. Robinson, Bureau 
of Ships, United States Navy Department 


2:00 p.m. Air Transportation 


48-243-ACO**, A 24,000-RPM Alternator for Air- 
craft. TJ. 7. Martin, Jack and Heintz Precision In- 
dustries, Inc. 


48-250. Steady-State Analysis of Aircraft D-C Gen- 
erators. Earnest Van Valkenburg, Whitney Matthews, 
Naval Research Laboratory 


48-230-ACO**, Electrical Prerotation of Landing 
Gear Wheels. J. H. Keyser, Jr., formerly with the 
Lockheed Aircraft Corporation 


CP.* Aircraft Cockpit, and Instrument Lighting. 


J. M. Roper, Bureau of Aeronautics. Demonstration 
2:00 p.m. Power 
48-211. Effects of Silicone Vapor on Brush Wear. 


J. Marsden, R. H. Savage, General Electric Company 


48-231. Use of Propulsion Generators on Naval 
Vessels to Supply Shore Power. F. E. Anderson, 
W. H. Fifer, Bureau of Ships, United States Navy 
Department 


CP.* Use of Power in Connection with Floating 


Dry Docks. W. W. Newland 

48-232. Origin of the Electric Motor. Joseph 
Michalowicz, Catholic Univesity of America 

2:00 p.m. Communications 

CP.* Military Meteorological Communication. 


Major J. M. Van Arsdell, United States Army 


CP.* Multipoint Networks for Telephone and 
Telephotographic Services. E. Nichols, American 
Telephone and Telegraph Company 


48-233. Facsimile Transmission for Pickup and 
Delivery of Telegrams. G. H. Ridings, Western Union 


2:00 p.m. Electrical 


velopments 


Engineering De- 


48-234. Automatic Standing Wave Indicator. 
Allen, Naval Research Laboratory 


48-235-ACO**., Some Characteristics of the Human 
Servo. F.V. Taylor, Naval Research Laboratory 


48-236. Recent Research on Pulsed Light Sources 
B. R. Whelen, Naval Ordnance Laboratory 


48-237-ACO**. External Magnetic Field Patterns 
Surrounding Minute Portions of Recording Wires. 
I. L. Cooter, National Bureau of Standards 


48-238. The Magnetic Fluid Clutch. Jacob Rabinow, 
National Bureau of Standards 


PS: 


Thursday, October 7 


9:00 a.m. 


48-229-ACO**. A Rectified A-C Electric System for 
Aircraft. L. M. Cobb, W. L. Kenshaw, O. E. Erlandson 
The Glenn L. Martin Company 


Air Transportation 


—PAMPHLET reproductions of 
author’s manuscripts of the num- 
bered papers listed in the program 
may be obtained as noted in the 
following paragraphs 


—PRICES for papers, irrespective 
of length, are 30 cents to members 
(60 cents to nonmembers) whether 
ordered by mail or purchased at the 
meeting. Mail orders are advisable, 
particularly from out-of-town mem- 
bers, as an adequate supply of each 
paper at the meeting cannot be 
assured. Only numbered papers are 
available in pamphlet form. 


—COUPON books in five-dollar de- 

nominations are available for those 

who may wish this convenient form 
of remittance. 


—THE PAPERS regularly approved 
by the technical program committee 
ultimately will be published in 
PROCEEDINGS and TRANSAC- 
TIONS; also, each is scheduled to 
be published in ELECTRICAL ENGI- 
NEERING in digest or other form. 


48-239. 
Multijet Engine Airplane. 
plane Company 


CP.* Lockheed, ‘‘Constitution,” Electrical Test 
Program. H. F. Rempt, Lockheed Aircraft Corporation 


48-240. Ground Power for Aircraft. J. H. Blanken- 
buehler, Hobart Brothers Company, and the Motor 
Generator Corporation of Troy, Ohio 


Starter-Generator Control System for a 
Victor Hart, Boeing Air- 


9:00 a.m. Rural Electrification 


48-241. Rural Distribution Voltages. W. M. Ed- 
munds, G. B. Roloson, Rural Electrification Administration 


48-242-ACO**, Inductive Co-ordination Practices. 
M. W. Rothpletz, H. S. Williams, Rural Electrification 
Administration 


9:00 a.m. Communication. Joint Session 
URSI(International Scientific Radio Union) 
-IRE (Institute of Radio Engineers)-AIEE 


CP.* A Report on the New York-Boston Radio Relay 
System. C. A. Borgeson, American Telephone and 
Telegraph Company 


CP.* Washington Television Installations of NBC. 
Donald Cooper, National Broadcasting Company 


CP.* Progress in Air Transport Radar. Lieutenant 
Commander E. W. Harrison, United States Navy Depart- 
ment 


CP.* A paper on the general topic of “Electronic 
Heating” by a speaker from the Westinghouse Electric 
Corporation 


9:00 a.m. 


CP.* Magnetic Minesweeping Systems. J. F. Con- 
don, H. M. Koslow, Bureau of Ships 


48-226. Ventilation of Rotating Electric Equipment 
on Shipboard. A. M. Harrison, Westinghouse Electric 
Corporation 


48-244, Electric Propulsion in Naval Surface Vessels. 
N. T. Jucarone, Bureau of Ships 


Marine Transportation 


2:00 p.m. Naval Testing 


CP.* The Development of Instruments to Measure 
Performance of the Navy’s New 8-Inch Rapid Fire 
Gun. Edward Wenk, Jr., David Taylor Model Basin 


CP.* The Design of Lightweight Velocity Meters 
for Measuring High Shock. G. C. Riggle, David 
Taylor Model Basin 


CP.* A Measurement System for the Determination 
of Minute Charges in Capacitance. G. W. Cook, 
David Taylor Model Basin 


CP.* Instrumentation for and the Conduct of Full- 
Scale Trials of Naval Vessels. W. R. Romaine, David 
Taylor Model Basin 


2:00 p.m. Government Relations 


Address: Supervisory Aspects of Government. Percy 
H. Thomas, Federal Power Commission 


Address: Discussion on Development of Electric 
Power by Government. H. J. McPhail, Bureau of 
Reclamation 


Address: Government in Relation to Communica- 
tions. E. W. Allen, Federal Communications Com- 
mission 


2:00 p.m. Marine Transportation 


48-245. Overload Protection for Silicone-Insulated 
Motors for Shipboard Use. J.C. Grigg, J. E. Watkins, 
Bureau of Ships 


CP.* Improving Internal Lighting in United States 
Naval Vessels. E. Boghosian, Bureau of Ships 


48-246. Effective Resistance and Inductance of 
3-Conductor Shipboard Power Cables. S.D. Summers, 
Naval Research Laboratories. 


Discussion of proposed revisions to Section 45 of AIEE 
Standards (Electrical Installations on Shipboard). To 
be led by members of AIEE committee on marine 
transportation 


* CP Conference paper; no advance copies are avail- 
able; not intended for publication in TRANSACTIONS 


**ACO. Advance copies only available; not intended 
for publication in AIEE TRANSACTIONS. 
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1948 Midwest General Meeting 
to Be Held in Milwaukee, Wis. 


Colorful fall, Wisconsin’s most beautiful 
and most famous season, awaits AIEE mem- 
bers attending the Midwest general meeting 
in Milwaukee, October 18-22, 1948. 

The beautiful scenery may be seen to 
advantage in Wisconsin’s many state parks, 
reported to be among the finest in the United 
States. Within a day’s traveling time of 
Milwaukee are dozens of parks, each featuring 
its own private type of natural setting, yet 
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having the same, complete facilities that make 
a picnic or hike so enjoyable, and AIEE 
members are warned to bring cameras loaded 
with Kodachrome film. 

Within the city limits of Milwaukee is 
Mitchell Park nationally known for its 
sunken gardens and botanical conservatory 
where flower shows are held the year around. 
A few miles to the south is Grant Park, with 
its steep bluffs, expansive beaches, green golf 
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course, tennis courts, and miles of hiking 
trails through the woods. Inland from 
Grant Park is Whitnall Park, with acres and 
acres of rolling green grass, carefully tended 
flower gardens, and big trees. 

Sixty miles north of Milwaukee is Terry 
Andrae State Park, which is also on Lake 
Michigan and has a wide variety of trees 
that turn into a kaleidoscope of color in the 
fall, and within an easy day’s drive of the 
AIEE meeting headquarters is Devil’s Lake 
State Park where ice-age rocks blocked off a 
river and left a deep lake. Nearby Derward 
Glenn offers an interesting study in geology. 
Other state parks, Potawatomi, Penninsula, 
Kettle Moraine, Tower Hill, plus dozens of 
state and national forests also are within easy 
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driving range of the AIEE meeting head- 
quarters in Milwaukee. Automobiles may 
be rented in Milwaukee, and the AIEE meet- 
ing staff will be glad to assist visiting mem- 
bers with arrangements. 


TECHNICAL PROGRAM 


Plans for the technical program for the 
Midwest general meeting are shaping up 
very nicely. At present 33 sessions, each 
session comprising the customary three to 
four papers, are planned on the following 
subjects: 


Power generation 

Substations 

Relays 

System engineering 

Carrier current 

Switchgear 

Transformers 

Insulated conductors 

Mining and metal industry 
General industry applications 
Industrial power systems 
Industrial control 

Electric heating 

Basic science 

Communications 

Instrument and measurements 
Land transportation 
Domestic and commercial applications 
Education 


Milwaukee engineers will be well repre- 
sented on the program, since the electrical 
industries of Milwaukee have gone all out in 
support of the effort to make this a memor- 
able meeting. It will be remembered that 
the Midwest general meeting is an innova- 
tion introduced last year, Chicago being the 
host for the first meeting. With the intro- 
duction of this meeting, the number of full- 
fledged meetings was brought up to four per 
year, namely, the winter meeting, the Pacific 
Coast meeting, the summer meeting, and the 
Midwest meeting, and judging from the 
demand for sessions, and the number of 
papers offered, the addition of this meeting 
certainly seems to have been justified. 


INSPECTION TRIPS 


Among the inspection trips planned for 
the Midwest general meeting are the follow- 
ing: 


1. Globe-Union Company—production of storage 
batteries, automotive spark plugs, steatitic ceramics, 
pocket-size transmitting and receiving radio sets 


2. Allen-Bradley Company—motor controls 
3. Cutler-Hammer, Inc.—control equipment 


4. Harnischfeger Corporation—manufacture and as- 
sembly of overhead traveling cranes,’ demonstration of 
an actual crane equipped with a magnetorque control, 
also assembly of electric power shovels, motors, brakes, 
and electric welding machines 


5. Line Material Company—short-circuit testing 
laboratory for the testing and development of electric 
distribution apparatus in the primary voltage range of 
2,400 to 69,000 volts 


6. Blatz Brewing Company—bottling plant and guest 
auditorium 


7. Joseph Schlitz Brewing Company—largest single 
establishment in the United States devoted exclusively 
to the brewing of beer 


8. Pabst Brewing Company—founded in 1844 


9. A. O. Smith Corporation—tour including visits to 
semiautomatic frame plant, pipe mill, vessel shop, labo- 
ratories, and exhibit hall, followed by discussion period 


10. Square D Company—manufacture of products of 
the industrial controller division including automatic 
motor starters, resistance welder controls, heavy duty 
d-c controls for steel mill use, and automatic pressure 
switches 


11. Allis-Chalmers Manufacturing Company—farm 
tractors, hydraulic turbines and generators, steam 
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turbine-generator equipment, transformers, unit sub- 
stations, switchgear, voltage regulators, and so forth 


ENTERTAINMENT 


The following events have been planned 
for the entertainment of AIEE members 
attending the Midwest meeting: 


Tuesday, October 19, 6:30 p.m.—Stag smoker, dinner 
(500 limit), and entertainment, Hotel Pfister, $4. 


Wednesday, October 20, 6:30 p.m—banquet and 
dance, informal (400 limit), Hotel Schroeder, $4. 


Thursday, October 21, 7:30 p.m.—Milwaukee Gemuet- 
lichkeit (650-1,000), Lynde Hall, Allen-Bradley Com- 
pany, basketball games, Industrial League teams, games, 
cards, refreshments 


Reservations for the men’s smoker and the 
dinner-dance will be on the basis of cash in 
advance through the mail with a small block 
of tickets reserved for late comers. 


SPORTS 


Golf enthusiasts will have an opportunity 
to have lunch followed by an afternoon of golf 
on Tuesday, October 19, at the North Hills 
Country Club. This club, embracing a well- 
groomed 18-hole golf course, is situated about 
15 miles northwest of Milwaukee on highway 
It is a picturesque and interesting 
par 72 wooded layout nestled in gentle 
rolling terrain. The beauty of this 6,288 
yard course is enhanced further as the 
Menomonee River winds its way across the 
grounds and contributes largely in the crea- 
tion of some very unusual golf holes. Each 
nine holes is virtually horseshoe-shaped with 
the incoming nine encircling the other, and 
its unique arrangement affords play at any 
time in the afternoon without encountering 
the sun’s blinding rays. 

North Hills’ imposing clubhouse has been 
greatly enlarged and remodeled this year and 
offers to guests many modern facilities. Here 
good food, refreshments, and comfort may be 


enjoyed while viewing the golf course through 
its facade of many picture windows in a set- 
ting unequalled in this area. An afternoon 
in this genial and pastoral atmosphere should 
not be overlooked by golf enthusiasts. 


WOMENS’ PROGRAM 


A well-planned program has been ar- 
ranged by the women’s committee to assure 
all women attending the Meeting a pleasant 
and interesting stay in Milwaukee. The 
program schedule is as follows: 


Monday, October 18 

‘““Get-Acquainted Day.’’ Hostess parlor open 

Tea will be served during the afternoon 

Monday evening, wives join husbands for brewery trips 


Tuesday, October 19 

Tour of Phoenix Hosiery Company at 9:00 a.m. 
Tuesday afternoon—tour of city, followed by a tea at 
the Milwaukee Engineers’ Society building 

Tuesday evening—informal dinner with Ednah Nichols 
giving her demonstration on remodeling and trimming 
hats 


Wednesday, October 20 
Tour of art institutes and historical societies 
Wednesday evening—dinner-dance 


Thursday, October 21 
Bridge luncheon at Tripoli Country Club 


Friday, October 22 
Hostess parlor will remain open 
No planned entertainment 


Hostess parlors will be open during entire 
meeting. Local committee women will be 
present at all times to arrange card games 
and give information on shopping centers, 
theaters, and points of interest. 


HOTEL RESERVATIONS 


The housing committee requests that all 
members write direct to the hotel of their 
choice for hotel accommodations. They 


also suggest that members make their reserva- 
tions as early as possible (before October 1, 
1948) and do not wait-to receive the advance 


A close-up of one of the A, O. Smith Corporation’s automatic machines for flash resistance 
welding the entire length of a 40-foot pipe in a single operation. The A. O. Smith 
Corporation is scheduled for inspection during the Midwest general meeting 
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registration forms and other mailings on the 
meeting. 
The selection. of someone to. share a twin- 
bed room is desirable. ' 
Arrangements have been made with the 
following four hotels to honor reservations 
from members: 


The Schroeder Hotel (headquarters) 
The Pfister Hotel 

The Plankinton House 

The Wisconsin Hotel 


Rates on rooms are as follows (all with 
bath): 


Sina gle ater ycreepe se Sete syctena cscssus Whose a as $ 3.50-$ 7.70 
Doubles tic wesc ayer rie due tauegh sess, Means oe $ 5.50-$10.00 
ERWin' bedst. soe oiavaenremci s aeteercrers cre $ 7.00-$12.00 
SSIES Ser aerere ee eee audio dew etehe w aera ae $16.00—$25.00 


Electric Welding Conference 
Scheduled for Detroit 


Today’s problems and tommorrow’s prog- 
ress in arc and resistance welding will re- 
ceive attention at the AIEE technical confer- 
ence on electric welding to be held in Detroit, 
Mich., December 6, 7, and 8, 1948. Both 
arc and resistance welding sessions are on the 
schedule, which also includes an automobile 
plant inspection trip and an informal even- 
ing’s entertainment. Meeting headquarters 
will be the Rackham Memorial Building. 
Purpose of the technical conference is to 
encourage interchange of ideas and require- 
ments among electric welding users, equip- 
ment manufacturers, and utilities. Discus- 
sions and forums will be wire-recorded for 
publication along with technical papers on a 
conference proceedings book. 

Arc welding sessions will devote attention 
to inert arc welding, radio interference prob- 
lems, electrical characteristics of welding 
arcs, new equipment requirements, and so 
forth. Related sessions on welder power 
supply and distribution will consider these 
problems both within the industrial plant 
and from the utility standpoint. New and 


more accurate methods of determining the 
effects of welder loads on power systems 
will be discussed. -— 

Maintenance, use of instruments, and 
maintenance training will keynote an even- 
ing session expected to attract a large local 
audience from Detroit industrial plants. 

One session will be devoted to the discus- 
sion of the relative merits of 3-phase versus 
single-phase welding and the effect of various 
wave shapes in the welding results. Recent 
information indicates that the wave shape 
has a definite bearing on welding results for 
certain applications. 

Sponsoring the December conference is the 
AIEE committee on electric welding in co- 
operation with the Michigan Section, AIEE 
and the Detroit Section, American Welding 
Society. Conference chairman is E. H. 
Vedder, Westinghouse Electric Corporation, 
Buffalo, N. Y. G. W. Garman, General 
Electric Company, Schenectady, N. Y., is 
program committee chairman. Local com- 
mittee chairman is Myron Zucker, Royal 
Oak, Mich. 

Advance registration forms and hotel infor- 
mation, may be obtained from L. E. Donel- 
son, 1365 Cass Avenue, Detroit 26, Mich. 


Lamme Medal Nominations 
To Be Submitted by December 1 


Members of the Institute again are re- 
minded that they have an opportunity to 
submit nominations for the 1948 Latnme 
Medal. All nominations must be received 
not later than December 1, 1948. Details 
regarding qualifications have been pub- 
lished in ELECTRICAL ENGINEERING 
(EE, June ’48, p 608). 

The 1947 Lamme Medal was awarded 
to A. M. MacCutcheon retired vice-president 
of the Reliance Electric and Engineering 
Company, Cleveland, Ohio, and a past 
president (1936-37) of the AIEE, Addresses 


delivered in connection with the presentation 


Sunken garden and conservatory in Milwaukee’s Mitchell Park 
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of the medal and the medalist’s career ap- 
peared in last month’s ELECTRICAL 
ENGINEERING (EE, Aug ’48, pp 749-53). 


General Committee Appointed 
for 1949 Summer Meeting 


According to a recent announcement, 
AIEE President Lee has appointed the follow-. 


Future AIEE Meetings 


Middle Eastern District Meeting 
Hotel Statler, Washington, D. C. 
October 5-7, 1948 

(Final date for submitting papers—closed) 


Midwest General Meeting 
Schroeder Hotel, Milwaukee, Wis. 
October 18-22, 1948 

(Final date for submitting papers—closed) 


Southern District Meeting 
Birmingham, Ala. 

November 3-5, 1948 

(Final date for submitting papers—closed) 


AIEE/IRE Conference on Electronic In- 
strumentation in Medicine and Nucleonics 
Engineering Societies Building 

New York, N. Y. 

November 29—December 1, 1948 


AIEE Conference on the Textile Industry 
Atlanta, Ga. 
Fall, 1948 


AIEE Conference on Electric Welding 
Engineering Society on Detroit Building 
Detroit, Mich. 

December 6-8, 1948 


AIEE Conference on High-Frequency 
Measurements 

National Bureau of Standards, 

Washington, D. C. 

January, 1949 


Winter General Meeting 

Pennsylvania Hotel, New York, N. Y. 
January 31—February 4, 1949 

(Final date for submitting papers—November 16) 


AIEE Conference on the Textile Industry 
Boston, Mass. 
Spring, 1949 


AIEE Conference on Electron Tubes 
March, 1949 


AIEE Conference on the Rubber and 
Plastics Industry 

Akron, Ohio 

March, 1949 


South West District Meeting 
Dallas, Tex. 

April 19-21, 1949 

Summer General Meeting 


New Ocean House, Swampscott, Mass. 
June 20-24, 1949 


Pacific General Meeting 
Fairmont Hotel, San Francisco, Calif. 
August 23-26, 1949 


Midwest General Meeting 
Cincinnatti, Ohio 
October 17-21, 1949 


AIEE Conference on Industrial Power 
Distribution 
Date to be announced 
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ing general committee to make plans for the 
1949 summer general meeting to be held in 
Swampscott, Mass., June 20-24, 1949: 
E. W. Davis, general chairman; M. A. Princi, 
vice-chairman; Ralph E. Muehlig, secretary- 
treasurer; KR. G. Porter; F. P. Taugher; 
R. G. Slauer. 


In addition, the following committee 


chairmen have been appointed: 

A. Lee O’Banion, registration; R. G. Connors, hotels; 
J. O'R. Coleman, meetings and papers; H. B. McIntyre, 
publicity; J. M. Whittenton, inspection; F.S. Bacon, Jr., 
hospitality; G. J. Crowdes, smoker and banquet; Chester 
A. Corney, finance; Mrs. Fred Haeussler, ladies’ com- 
mittee; A, B. Whitehouse, transportation; E. W. Boehne, 
Student activities; L. P. Shildneck, sports. 


Section Operation and Management 


Topic at Summer Meeting Conference 


With an attendance numbering 74 Section 
delegates and representatives of 7 Districts 
who are either District officers or officers- 
elect, a conference on Section operation and 
management was held on June 23, 1948, 
during the AIEE summer general meeting in 
Mexico, Federal District, Mexico. Chair- 
man at the session was J. C. Strasbourger 
of the Cleveland Section, chairman of the 
Sections committee. 


MODEL SECTION 


A highlight of the conference was the dis- 
cussion of the outline of an AIEE model 
Section, a copy of which previously had been 
forwarded to all Sections for consideration. 
This outline of model Section activities had 
been perfected under the direction of Fischer 
Black, Sections committee member from the 
Washington Section. It was designed to 
assist new Section officers as a guide and 
check-sheet for each item of successful Section 
operation. The concensus of opinion as 
brought out by the discussion indicated that 
the outline should be useful for the guidance 
of Section officers but that the proposed 
rating scheme was of questionable value. 
The chairman reiterated, however, that the 
project is in the development stage and that 
the Sections may be asked later how far they 
have found it advantageous to follow the 
pattern’ of activities shown in the outline. 


The outline was approved by the conference 
for use as a guide for Section management. 


COMMITTEE REPORTS 


A major portion of the conference was 
devoted to the presentation and discussion of 
the reports of committees which have been 
considering various topics pertinent to Sec- 
tion activities. One of these, the prize paper 
subcommittee, following the presentation by 
District 2 Vice-President C. W. Bower of the 
history of the various revisions of the rules 
covering prize papers, submitted a draft of 
proposed new rules. This draft subsequently 
will be circulated to the Sections and to the 
Student Branch counsellors for consideration 
and for comments regarding its suitability for 
offering to the committee on award of In- 
stitute prizes. 

A discussion of a report prepared by D. E. 
Moat, chairman of the committee on trans- 
fers, brought out the fact that all but approxi- 
mately ten Sections have appointed transfers 
committees and that there is active interest in 
the Sections in encouraging transfers as well 
as in the requirements for such transfers of 
membership. The general point of view 
was that the recent constitutional amend- 
ment regarding transfers to Fellow grade 
should be revised to permit proposals to be 
signed by either Fellows or Members, as 


A 1,210-kv 
chopped wave test 
on a  25,000-kva 
132/220-kv high- 
voltage trans- 
former at the Allis- 
Chalmers Manu- 
Com- 
pany, Milwaukee, 
and subject of a 
Midwest meeting 
inspection trip 


facturing 
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AIEE PROCEEDINGS 


Order forms for current AIEE PRO- 
CEEDINGS have been published in ELEC- 
TRICAL ENGINEERING as listed below. 
Each section of AIEE PROCEEDINGS 
contains the full, formal text of a technical 
program paper, including discussion, if any, 
as it will appear in the annual volume of 
AIEE TRANSACTIONS. ; 

AIEE PROCEEDINGS are an interim 
membership service, issued in accordance 
with the revised publication policy that 
became effective January, 1947 (EE, Dec 46, 
pp 576-8; Jan’47, pp 82-3). They are avail- 
able to AIEE Student Members, Associates, 
Members, and Fellows only. 

All technical papers issued as AIEE 


PROCEEDINGS will appear in ELEC- 


TRICAL ENGINEERING in abbreviated 
form. 


Location of 
Order Forms 


Apr °48, p 49A 


Meetings Covered 
Winter general 


Great Lakes District 
| North Eastern District 
Summer general 


Aug °48, p 45A 
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formerly, and a motion was carried to pre- 
sent to the board of directors a suggestion to 
that effect. 

Another question which was considered 
was that of Section finance, which had been 
raised at the winter general meeting at which 
time a special committee was appointed to 
look into the matter and report. However, 
the report of that committee, the subcom- 
mittee on Section finances, recommended 
that no changes be proposed at the present 
time in the method of Section financing. In 
regard to traveling expenses for Sections 
committee officers, it was decided that the 
conference recommend to the AIEE board 
of directors that provision be made in the 
Institute’s budget for mileage payments to 
the chairman and secretary of the Sections 
committee to attend the summer general 
meeting, inasmuch as the only official meet- 
ing of the full Sections committee is held at 
that time, and all the delegates receive mile- 
age to permit them to attend this meeting of 
the Sections committee. 

The subject of technical group activity also 
was discussed, and a number of Sections 
reported the organization of such groups. 


INTERNATIONAL SECTION 


A proposal by J. A. Persson of the Niagara 
Frontier Section, made in a letter read by 
Chairman Strasbourger, inspired unanimous 
agreement regarding the desirability of es- 
tablishing of anew Section at Niagara Falls. 
The territory of the new Section was sug- 
gested to include Niagara Falls, N. Y. (now 
included in the Niagara Frontier Section) 
and Niagara Falls, Ontario, Canada (now 
included in the Toronto Section). This pro- 
posed Section territory now lies partly in 
District 1 (North Eastern) and partly in 
District 10 (Canada). It is desired by the 
Niagara Falls people on both sides of the 
boundary that the new Section should be a 
part of neither District 1 nor District 10, 
but should be international in character. 
The problem, however, hinges around the 
classification of the proposed Section and its 
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affiliation with a suitable District. The 
conference went on record as favoring the 
establishment of the proposed Section at 
Niagara Falls recommending as a compro- 
mise that the new Section be affiliated with 
District 3 (New York City) until such time 
as the vice-presidents of District 1 and Dis- 
trict 10, together with AIEE President E. 
S. Lee, if available, shall meet with the 
officers of the new Section and determina- 
tion be made of its final District affiliation. 


BYLAWS CHANGES 


As a result of proposals made at the con- 
ference, recommendations will be made to 
the board of directors for the following 
changes in the bylaws of the Institute: 

1. That mileage payments be made for representatives 


of each Subsection to attend District meetings, as well 
as representatives of each Section within the District. 


2. That a Section be permitted to send alternates to 
District meetings in the event that the regular delegates 
cannot attend. 


WOMEN’S AUXILIARIES 


A description of the Philadelphia Section 
plan, whereby a women’s auxiliary composed 
of the wives of members of the Section has 
been instituted, provided the final topic of 
the conference. This auxiliary has no 
official status but provides an opportunity for 
certain social activities which are found to be 
very helpful and the Section regards the 
auxiliary as highly successful. A number of 
other members agreed that women’s auxili- 
aries are desirable adjuncts to AIEE Sections. 
However, the chairman summed up the 
discussion by stating that no action was 
required by the conference on the matter, 
but that if any Section wished to form a 
women’s auxiliary, it certainly should pro- 
ceed to do so. 

This report on the summer meeting con- 
ference on Section management and opera- 
tion was based on notes submitted by W. J. 
Barrett, acting secretary of the conference. 


President Lee Addresses 
Meeting of Delegates 


Under the chairmanship of J. C. Stras- 
bourger, chairman of the Sections committee, 
a delegates get-together was held on June 22, 
1948, during the AIEE summer general 
meeting in Mexico City. The delegates were 
welcomed officially by Manuel M. de Las- 
curain, chairman of the general attention 
committee, and Mr. Strasbourger expressed 
the appreciation of the Institute for the 
hospitality of the Mexico City Section which 
had acted as host during the summer meeting. 

Feature of the get-together was an address 
by AIEE President Everett S. Lee, who spoke 
briefly about the importance of the Section 
in Institute affairs. He brought out the fact 
that the 29,000 members and 14,000 Student 
members, with few exceptions, all take part 
in Section 2 activities, and he emphasized the 
point that the delegates present at the get- 
together undoubtedly will take a large part 
in directing the activities of the Sections for 
the coming year. The Sections, he said, are 
the Institute. Mr. Lee referred to the activi- 
ties of the Student Branch counselors and to 
the work of the technical committees of the 
Institute, and he urged that consideration 
be given by the Sections to covering all the 
varied interests of the members of the Sec- 
tions, and encouraged the Sections to help 
the Student Branches in their respective 
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areas. He also spoke of the efforts which are 
under way looking toward the establishment 
of an over-all national engineering organiza- 
tion and indicated that these efforts will be 
continued although there is considerable 
inertia to be overcome. During his term as 
president, Mr. Lee will write a ‘‘President’s 
Message” each month for publication in 
ELECTRICAL ENGINEERING, on the 
general topic of “‘Our Institute.” He closed 
his address to the delegates with this thought: 


Each of you represents a certain number of members 
of the Institute. Be sure you are giving every oppor- 


tunity possible for the participation of every member 
of the Institute in Sections activities. In this way, we 
will go forward to even a greater year, 


The meeting of delegates was concluded 
with the presentation of a scroll to Sefior 
Lascurain by Doctor J. C. Leitch, chairman 
of the Cleveland Section. This scroll, pre- 
pared by the Cleveland Section, expressed to 
the Mexico City Section deep appreciation 
for the many courtesies and generous hospi- 
tality offered to AIEE members by the 
Mexico City Section during the 64th summer 
general meeting. 


PERSONAL NOTES.......- 


J. M. Todd (M ’32, F °45) New Orleans, La., 
consulting engineer, has been nominated for 
next president of the American Society of 
Mechanical Engineers. Born in St. Mary 
Parish, La., in 1896, he was graduated from 
the college of engineering of Tulane Univer- 
sity in 1914, receiving a graduate degree in 
mechanical engineering in 1930. He en- 
listed during World War I and was sent to 
England and France as an officer on the 
Engineer Corps. Following the war he was 
employed by Penick and Ford, Ltd., as chief 
engineer of their Morrero, La., plant, and 
later was with A. M. Lockett and Company, 
New Orleans. In 1928 he established pri- 
vate practice as consulting mechanical and 
electrical engineer, specializing in air-con- 
ditioning, power plants, and the equipment 
of large buildings and factories. He has 
been responsible for many important installa- 
tions in the New Orleans and Houston (Tex.) 
areas. As vice-president and member of the 
board of the Jefferson Lake Sulphur Com- 
pany, in charge of engineering, Mr. Todd has 
had mining assignments in Mexico and Cen- 
traland South America. He is recognized as 
one of the leaders in the mining and produc- 
tion of crude sulphur. During World War 
II, he handled mechanical and electrical 
problems in connection with airfields, ship- 
yards, and other important defense work for 
the Army, the Navy, and the Maritime Com- 
mission. Mr. Todd has been active in 
national and local affairs of both the Ameri- 
can Society of Mechanical Engineers and 
AIEE. He organized the New Orleans Sec- 
tion of the AIEE and was its first chairman. 
He was president of the Louisiana Engineer- 
ing Society in 1930 and served for six years on 
its board. He was AIEE Section (New 
Orleans, La.) chairman from 1933 to 1935. 


J. M. Todd 
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O. A. Wilde 


Oscar A. Wilde (A ’27, M ’34) assistant elec- 
trical engineer, Sun Shipbuilding and Dry- 
dock Company, Chester, Pa., has been ap- 
pointed chairman of the AIEE committee on 
marine transportation for 1948-49. Born 
in Philadelphia, Pa., Mr. Wilde attended 
Drexel Institute of Technology, graduating 
in 1918 with a degree in electrical engineer- 
ing. From 1918 to 1920 he worked as a 
marine electrical draftsman for the Pusey 
and Jones Shipbuilding Corporation, Glou- 
cester, N. J. From 1920 to 1940 he was 
electrical draftsman and chief electrical 
draftsman for the Sun Shipbuilding and Dry- 
dock Company. Since 1940 he has been 
assistant electrical engineer in the electrical 
design department in charge of the electrical 
design for ships. During World War II he 
was a member of the committee on the de- 
velopment of American War Standards. He 
is a member of the American Society of 
Naval Architects and Marine Engineers, and 
has been a member of the AIEE committee 
on marine transportation since 1927, and was 
chairman of subcommittee on fittings and 
appliances of the AIEE Marine Transporta- 
tion Committee for 1947-48. 


G. S. Lunge (A ’23) central station engineer- 
ing division, General Electric Company, 
Schenectady, N. Y., has been made chairman 
of the AIEE substation committee for 1948— 
49. Born in London, England, he came to 
British Columbia in 1913, moving to the 
United States in 1914. He attended the 
University of Washington and also the Uni- 
versity of California from which he was 
graduated in 1922 with a bachelor of science 
degree in electrical engineering. He has 
been an employee of the General Electric 
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Company, Schenectady, N. Y., from Septem- 
ber 1922 to the present. From 1922 to 1923 
he was in the testing department, and from 
1924 to 1927 he was in the switchgear engi- 
neering department. Since then he has been 
in the central station engineering division. 
He has served on the automatic stations com- 
mittee, predecessor of the substations com- 
mittee, and on the instruments and measure- 
ments committee. He also served on the 
joint subcommittee on power systems ap- 
plications of carrier current, predecessor of 
the present carrier current committee. He 
has been chairman of the joint subcommittee 
on telemetering (1946-48), is a member of 
the AIEE sectional committee on power 
switchgear C37, and has been secretary of 
this committee since its organization in 1933. 
He is a member of the sectional committee 
Z32, electrical symbols, and was previously a 
member of the electrical definitions commit- 
tee, C42. He is a coauthor of a number of 
Institute papers, and is a member of Eta 
Kappa Nu and an associate member of 
Sigma Xi. 


Walther Richter (M’37, F’42) consulting 
engineer, Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis., has been made 
chairman of the AIEE committee on basic 
sciences. A graduate of the Institute of Tech- 
nology, Karlsruhe, Germany, with a bache- 
lor of science degree in electrical engineer- 
ing, Mr. Richter joined the Allis-Chalmers 
Company as a draftsman in 1924. In 1926 
he entered the employ of the A. O. Smith 
Corporation as director of electrical research 
and engineering, but in 1939 he left to be- 
come a consulting engineer. Mr. Richter 
rejoined the Allis-Chalmers Manufacturing 
Company in 1943 in this latter position. 
Since 1935 he has been a teacher at the 
University of Wisconsin, extension division, 
instructing in industrial electronics, and is 
the author of a text on this subject published 
in 1947. He also has written many articles 
on electronics and electrical engineering. 
He is a member of the Wisconsin Society of 
Professional Engineers, and was co-ordinat- 


ing chairman of the electrical discussion ~ 


group in 1940-41, and chairman of the basic 
sciences group in 1943. He has been a 
member of the AIEE committee on basic 
sciences from 1942 to 1946 and in 1945-46 
was program chairman of the Milwaukee sec- 
tion of the Institute of Radio Engineers. 


Charles Concordia (F’46) engineer of the 
analytical division of the General Electric 
Company’s central stations engineering 
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divisions, Schenectady, N. Y., has been made 
chairman of the AIEE committee on comput- 
ing devices for 1948-49. Mr. Concordia 
joined the General Electric Company in 1926 
as a laboratory assistant working on instru- 
mentation. In 1931 he took the General 
Electric test course and from 1932 until 1936 
he worked on special engineering problems 
in a number of company divisions. In 1936 
he was made application engineer in the 
central stations engineering division. Mr. 
Concordia is a member of the American 
Society of Mechanical Engineers and is the 
holder of many patents on electric apparatus. 
He is the author of many AIEE papers and 
his AIEE committees include basic sciences 
(1944-48), computing devices (1947-48), 
chairman (1948-49), Standards (1947-48), 
and technical program (1947-48). 


F. R. Benedict (A’40, M’47) manager of 
the industry engineering department, West- 
inghouse Electric Corporation, East Pitts- 
burgh, Pa., has been named chairman of the 
AIEE chemical, electrochemical, and electro- 
thermal committee for 1948-49. Mr. Bene- 
dict was graduated from Tri-State College, 
Angola, Ind., in 1928 with a bachelor of 
science degree in electrical engineering. In 
1928 he became associated with the Westing- 
house Electric Corporation, entering their 
student course. In 1936 he was made en- 
gineer in charge of the impulse laboratories, 
and in 1938 became liaison engineer on the 
chief engineer’s staff. He was made manager 
of the engineering service department of the 
New England district in 1941 and in 1943 
became manager of the products perfor- 
mance analysis section before becoming 
manager of the industry engineering depart- 
ment in 1945. He has been a member of his 
present committee since 1946, and his other 
AIEE committees include industry power sys- 
tems (1946-48), industry co-ordination 
(1947-48), and Standards (1947-48). 


Earle Wild (A’27, M’36) chief load dis- 
patcher of the Commonwealth Edison Com- 
pany, Chicago, Ill., has been made chairman 
of the AIEE systems engineering committee 
for 1948-49. Mr. Wild was graduated from 
the Massachusetts Institute of Technology in 
1924 with a bachelor of science degree in 
electrical engineering. Since graduation he 
has been with Commonwealth Edison Com- 
pany, beginning as station operator, in the 
northwest station (1924-27), and serving as 
assistant efficiency engineer, load dispatcher, 
and technical assistant to the chief load dis- 
patcher. In 1942 and 1943 Mr. Wild served 
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Earle Wild 


on the staff of the Office of War Utilities, 
War Production Board, as power co-ordina- 
tor for New England and other eastern states. 
In 1944, on his return to the Commonwealth 
Edison Company, he was appointed assistant 
chief load dispatcher and in September 1947 
became chief load dispatcher. 


R. I. Parker (A’14, M’20) formerly man- 
ager of apparatus department, central dis- 
trict, General Electric Company, Chicago, 
Ill., has been elected a commercial vice- 
president it was announced recently. Mr. 
Parker was graduated from the University of 
Kansas (bachelor of science) in 1912, and 
entered the General Electric test course. In 
1913 he was transferred to the lighting en- 
gineering department, and in 1919 he joined 
the sales force in the Chicago office, becom- 
ing assistant manager of apparatus sales in 
1921. He was appointed district manager 
of the General Electric central station depart- 
ment in 1924, and assistant district manager 
of the central district in 1941. Mr. Parker is 
a member of Tau Beta Pi, and the Chicago 
Engineers Club. 


M. J. Kelly (M’26, F’31) executive vice- 
president of Bell Telephone Laboratories, 
Inc., has been named chairman of the newly 
formed committee on navigation of the Office 
of the Secretary of Defense. The new com- 
mittee was formed after a 6-months study by 
the research and development board of over- 
all problems related to land, marine, and air 
navigation. Doctor Kelly served as a mem- 
ber of the board and the ad hoc committee 
appointed by the board to study the problem. 
Doctor Kelly has been with his present or- 
ganization since receiving his doctor of 
philosophy degree from the University of 
Chicago in 1918. He is a member of the 
National Academy of Sciences, the American 
Physical Society, the Institute of Radio 
Engineers, and the Acoustical Society of 
America, and has authored a number of 
Institute papers. He holds honorary de- 
grees from the University of Missouri and 
from the University of Kentucky and re- 
ceived the Presidential Citation of Merit in 
1948 as a recognition of his help to the war 
effort. He was on the communication and 
Standards committees from 1934 to 1937, and 
from 1934 to 1939 and 1941 to 1943, re- 
spectively, 


W. O. Batchelder (A’08) formerly com- 
mercial vice-president, General Electric 
Company, Chicago, IIl., has retired after 43 
years service with that company. Upon his 


R. I. Parker 


ELECTRICAL ENGINEERING 


graduation from Harvard University in 1905, 
Mr. Batchelder joined the General Electric 
Company and served for several years with 
the industrial engineering department. He 
was later with the industrial commercial 
department and in 1912 he joined the central 
district, in charge of motor sales in Minne- 
apolis. Heserved in Butte, Mont., in Detroit, 
Mich., and in 1917 went to the Chicago office 
as manager of the industrial department. 
In this office he was successively district man- 
ager of apparatus sales, district sales manager, 
and assistant district manager. He was ap- 
pointed manager of the central district in 
1929, and became a commercial vice-presi- 
dent in 1934. Mr. Batchelder is a member 
of the Western Society of Engineers, the 
Chicago Electric Club and the Chicago 
Engineers Club. 


B.R. Teare, Jr. (A’29, F ’42) Buhl professor 
of electrical engineering, Carnegie Institute 
of Technology, has been appointed chairman 
of the AIEE committee on education for 
1948-49. He was graduated from the 
University of Wisconsin with a bachelor of 
science degree in 1927, and received his 
master’s degree there in 1928; he received 
his doctorate from Yale University in 1937. 
From 1928 to 1933 he was associated with 
General Electric Company, Schenectady, 
N. Y., in various positions, and from 1933 to 
1939 he was an instructor and later an assist- 
ant professor of electrical engineering at 
Yale University. Since joining the faculty of 
the Carnegie Institute in 1939 he has been 
connected with graduate level work. In 
1941 he received honorable mention as an 
author of a paper in theory and research for 
the AIEE national prize award, and in 1943 
he received the prize as coauthor of the prize 
paper. 


J. J. Smith (A ’19) assistant engineer, general 
engineering laboratories, General Electric 
Company, Schenectady, N. Y., has been 
made chairman of the AIEE nucleonics 
committee for 1948-49. A graduate of the 
University of London (bachelor of science in 
engineering), The National University of 
Ireland (master of science), and the Associate 
Royal College of Science for Ireland (master 
of arts), Mr. Smith joined the General Elec- 
tric Company in 1916 in the switchboard test 
department. From 1917 to 1918 he was in 
the general test department and in 1918 
entered the transformer engineering depart- 
ment in the Pittsfield, Mass., branch of the 
company. He was formerly a member of 
the AIEE committee on basic sciences from 
1940 to 1941 and from 1944 to 1946. 


R. E. Smith (A ’31) vice-president and man- 
ager, telephone division, Federal Telephone 
and Radio Corporation, Newark, N. J., has 
been made chairman of the AIEE com- 
munication committee for 1948-49. From 
1912 to 1917 Mr. Smith was a draftsman and 
engineer’s assistant of the American Tele- 
phone and Telegraph Company, Norwalk, 
Mass., and from 1917 to 1929 he was tele- 
phone engineer in the development and re- 
search department of the American Tele- 
phone and Telegraph Company in New 
York, N. Y. From 1929 until joining his 
present organization he was communications 
engineer, International Communications 
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Laboratories, New York, N. Y. He was a 
member of the communication committee 
from 1941 to 1946. 


F. W. Lawton (A’25, M’36) formerly assis- 
tant chief engineer with Aluminum Company 
of Canada, Ltd., Montreal, Quebec, Canada, 
recently was appointed head of the newly 
formed power department of Aluminum 
Laboratories, Ltd. Mr. Lawton was closely 
associated with the wartime expansion of 
power and other plant facilities of the alumi- 
num company, especially Shipshaw. He is 
a former Canadian vice-president of AIEE 
and has taken a leading part in Canadian 
engineering activities in the hydroelectric 
power field. In his new position he will 
continue his close connection with the inves- 
tigation, design, and construction of water- 
power facilities. 


F. A. Lane (A’19, M ’31) assistant electrical 
engineer, American Gas and Electric Service 
Corporation, New York, N. Y., has been 
named chairman of the AIEE switchgear 
committee for 1948-49. Mr. Lane was born 
in Gloucester, Mass., and studied electrical 
engineering at the Massachusetts Institute of 
Technology and at Harvard University. In 
1919 he joined the General Electric Company 
Schenectady, N. Y., in the test department, 
and from 1920 to 1922 he was with the Con- 
sumers Power Company, Jackson, Mich., in 
the electrical engineering department. From 
1923 to 1924 he was with the Stone and 
Webster Engineering Corporation, Boston, 
Mass., in the drafting division, and in 1925 
he joined the American Gas and Electric 
Service Company in the electrical engineering 
department. 


William Arthur (A’12, M’17) former 
Philadelphia district office manager for the 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis., has been appointed head of 
a new region in the field organization of that 
company’s general machinery division. The 
new area, designated as mid-Atlantic, will 
embrace territory on the middle eastern sea- 
board. A graduate of the University of 
Liverpool in England, Mr. Arthur was man- 
ager of the heavy traction department of the 
Brown-Boveri Electric Corporation, Camden, 
N. J., when that concern was purchased in 
1931 by the Allis-Chalmers Company. He 
was a special representative in the Allis- 
Chalmers Philadelphia office for eight years 
before being named district manager. 


M. H. Gray (A’45) associate aircraft super- 
visor in the aircraft armament laboratory, 
Wright Patterson Field, Dayton, Ohio, has 
received an award for his suggestion to the 
Air Materiel Command Headquarters for 
the design and development of an interval 
and dwell tester for a bomb release interval 
control, a device which has saved the govern- 
ment $564,000 annually. Before joining the 
Air Technical Service Command at Wright 
Field in 1943, he had been owner and active 
executive with the Gray Electric Company, 
Springfield, Ohio since 1913. 


W. F. Daly (A ’20) who has been manager of 
the power section of the Allis-Chalmers 
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Manufacturing Company, Milwaukee, Wis., 
in the steam turbine department since 1943, 
has been appointed manager of the Cincin- 
nati district office for that company. An 
electrical engineering graduate of Pratt 
Institute, he has been connected with the 
Allis-Chalmers Company since 1923. He 
was an Officer of the AIEE Chicago Section 
of the AIEE for many years. 


F. S. Black (A ’34, M44) formerly assistant 
to the president, Potomac Power Company, 
Washington, D. C., and now editor of Elec- 
trical World, has been appointed chairman 
of the AIEE membership committee for 1948— 
49. Mr. Black is a graduate of the Univer- 
sity of North Carolina (bachelor of science in 
electrical engineering) and of the National 
Law School (bachelor of laws) and is a mem- 
ber of the District of Columbia bar. He 
joined his present company in 1934. 


Allan Coggeshall (A’05) former secretary 
and treasurer of Hatzel and Buehler, Inc., 
New York, N. Y., is organizing his own com- 
pany which will specialize in the economics of 
electrical engineering. He is a graduate of 
Columbia University (1903), with a degree in 
electrical engineering, and has served on the 
AIEE subcommittee on interior wiring de- 
sign. 


C. S. Purnell (A’29, M’35) mining sales 
engineer, industrial department, Westing- 
house Electric Corporation, New York, 
N. Y., has been made chairman of the AIEE 
headquarters committee for 1948-49. He 
joined the Westinghouse Company in 1924 
as application engineer in railway equip- 
ment. He has served on a number of AIEE 
committees, among them midwinter conven- 
tion committee (1929-35) and transporta- 
tion (1929-35, vice-chairman 1932-33, chair- 
man 1934-35). 


D. H. Sheats (A ’45) who joined the Pieper- 
Lillard Corporation, St. Louis, Mo., last 
March, has been named vice-president and 
sales manager of the company. A graduate 
of Purdue University in 1931, he entered 
Commonwealth Edison Company’s central 
institute training course at Chicago, I. 
Four years later he joined the Line Material 
Company as field engineer, operating the 
Kansas City, Mo., and Wichita, Kans., trade 
area. Subsequently he was appointed St. 
Louis branch manager forthe company. He 
is active in the Electrical Board of Trade, St. 
Louis, and the Society of American Military 
Engineers. 


M. E. Skinner (M°46) formerly director of 
sales, has been named vice-president of the 
Union Electric Company, St. Louis, Mo. 
He will continue in charge of commercial 
operations. He was for ten years vice- 
president in charge of sales for the Buffalo 
Niagara and Eastern Power Corporation be- 
fore joining Union Electric. He has served 
with the Duquesne Light Company, Pitts- 
burgh, Pa., as commercial manager and with 
the New York (N. Y.) Power and Light 
Corporation as commercial manager and 
vice-president. He served on the AIEE 
membership committee from 1921 to 1924 
and on the special committee on Institute 
prizes from 1925-6. 
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S. C. Leyland (A ’40, M ’43) section engineer 
meter engineering department, Westing- 
house Electric Corporation, Newark, N. J., 
has been reappointed chairman of project 4 
(working group on high-frequency charac- 
teristics of power equipment), and appointed 
chairman for project 6 (working group on 
standard terminology for carrier current) and 
project 8 (working group on use of micro- 
wave equipment for relaying telemetering 
and supervisory control) of the AIEE carrier 
current committee for 1948-49, and also has 
been appointed chairman of subcommittee 4 
(project committee on Standards for power 
relays) of the AIEE relay committee for 
1948-49. 


O. J. Miller (M ’41) who has been superin- 
tendent of operations since 1943 for the Duke 
Power Company, Charlotte, N. C., has been 
appointed general manager. In 1916 Mr. 
Miller joined E. W. Clark and Company of 
Columbus, Ohio, as engineer, after graduat- 
ing from Ohio State University. In 1920 
Mr. Miller went to the Tennessee Electric 
Power Company as engineer in charge of 
various operations in construction activities. 
He was made production superintendent 
after four years and was production and 
transmission manager from 1928 to 1939. In 
1940 he joined the Commonwealth and 
Southern Corporation at Jackson, Mich., and 
became associated with his present company 
in 1943. He is a member of the American 
Society of Chemical Engineers. 


E. H. Eacker (A ’25) has been elected presi- 
dent of the Boston (Mass.) Consolidated Gas 
Company. A graduate of Massachusetts 
Institute of Technology, he joinedthe Charles- 
town Gas and Electric Company in 1923 as 
electrical superintendent. From 1930 to 
1931 he was the local manager. In 1931 he 
joined his present company, serving as an 
assistant to the vice-president in charge of the 
Boston district. In 1937 he was made assis- 
tant to the general manager and assistant to 
the president. He was made vice-president 
in 1942. He is also a member of the Ameri- 
can Gas Association and the New England 
Gas Association. 


Dudley Sanford (A ’25) who has been execu- 
tive assistant of the Union Electric Company, 
St. Louis, Mo., has been named vice-presi- 
dent in charge of the electric operations of 
the company, and of the Union Colliery 
Company and the St. Louis and Bellville 
Electric Railway. A graduate of the Univer- 
sity of Missouri and Princeton University, he 
was employed by the Utah Power and Light 
Company before joining his present organiza- 
tion in 1919 as industrial engineer in the sales 
department. He was treasurer of the St. 
Louis County Gas Company, and an assistant 
treasurer of Union Electric from 1923 to 
1944, 


E. S. Bundy (A’14, F ’33) has been elected 
vice-president and chief engineer of the 
Niagara Hudson Power Corporation, Syra- 
cuse, N. Y. A graduate of Cornell Univer- 
sity, Mr. Bundy’s early career was with the 
Buffalo Niagara Electric Corporation, Buffalo 
N. Y. He served successively as draftsman, 
division superintendent, chief electrical engi- 
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neer for the western division, director, vice- 
president and chief engineer. He served 
on AIEE committees for electrical machin- 
ery (1931-8) and power transmission and 
distribution (1932-6). 


R. C. Muir (A’08, F’36) former general 
manager, apparatus department, General 
Electric Company, Schenectady, N. Y., who 
recently retired after more than 42 years serv- 
ice with that organization, has returned from 
retirement. He will be general manager of 
the nucleonics department of the Hanford 
Works, Richland, Wash., which General 
Electric Company is operating for the Atomic 
Energy Commission. His career with the 
company, which included serving on the 
president’s staff as vice-president in charge of 
engineering, was reviewed in ELECT RICAL 
ENGINEERING, February 1948, page 197. 


A. D. Bailey (A’39, M’46) who is vice- 
president and chief operating engineer of the 
Commonwealth Edison Company, Chicago, 
Ill., has been appointed chairman of the heat- 
ing plant and services division of the Illinois 
Instituteof Technology’s $15,000,000 develop- 
ment program. Mr. Bailey is a past presi- 
dent of the board of trustees of the Lewis 
Institute, a vice-chairman of the board of 
trustees of Illinois Institute Technology anda 
fellow and past president of the American 
Society of Mechanical Engineers. 


T. E. Roach (A ’45) executive vice-president 
and general manager of the Idaho Power 
Company, Boise, has been elected chairman 
of the board and president. Before joining 
his present company, Mr. Roach was with 
the Northwestern Electric Company, Port- 
land, Oreg., as vice-president and general 
manager. Mr. Roach was operating head of 
the Washington Gas and Electric Company 
from 1932 until he joined the Pacific Power 
and Light Company as assistant to the presi- 
dent with officesin Yakima, Wash. In1942 
was transferred to the Portland office of the 
company to assume broader responsibilities 
connected with wartime system operations. 
In his new position, Mr. Roach will retain 
the position as general manager. 


F. W. Tatum (M ’45) has been promoted to 
the rank of associate professor of electrical 
engineering in the School of Engineering, 
Southern Methodist University, Dallas, Tex. 
Professor Tatum has been at Southern 
Methodist University since February 1947, 
Prior to that, he had been for 11 years in the 
design and development engineering depart- 
ment of the American District Telegraph 
Company, N. Y., where he was Section Head 
in the Engineering Department. 


E, P. Yerkes (A’15, M’31, F’40) engineer 
of equipment and buildings, Eastern area, 
Bell Telephone Company of Pennsylvania, 
Philadelphia, has been appointed chairman 
of the AIKE finance committee for 1948-49. 
Mr. Yerkes has been with his company since 
1912. 


J. R. North (A’21, F’41) chief electrical 


engineer, Commonwealth and Southern 
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Corporation, Jackson, Mich., has been 
appointed chairman of the AIEE planning 
and co-ordination committee for 1948-49. 
Mr. North has been with his present com- 
pany and its predecessors since 1924. He 
has served on many AIEE committees in his 
Institute career. 


L. R. Gaty (A ’39, M ’43) formerly electrical 
engineer, Philadelphia (Pa.) Electric Com- 
pany, has been appointed manager of the 
engineering department. Since 1926 Mr. 
Gaty had been with the Counties Gas and 
Electric Company, Norristown, Pa., which 
later merged with his present company. He 
served on the AIEE power transmission and 
distribution committee from 1941 to 1944. 


W. D. Howell (A ’38) who has been Berkeley 
district manager for the Pacific Gas and Elec- 
tric Company since 1946, has been promoted 
to sales manager of the East Bay division for 
the company. 


Alvah Small (M’37, F ’43) formerly presi- 
dent, Underwriters’ Laboratories, Inc., 
Chicago, lll., has been elected vice-chairman. 
Mr. Small joined the laboratories’ staff in 
1906 and in 1910 was plaeed in charge of the 
factory inspection work. He became vice- 
president in 1916 and in 1935 was elected 
president. 


E. W. Starr (A’28, M ’36) acting head of the 
electrical engineering department of the 
Cooper Union School of Engineering, New 
York, N. Y., as announced in ELECTRICAL 
ENGINEERING for July, page 714, will be 
permanent head of that office, with the grade 
of full professor. 


B. A. Fisher (M45) professor of electrical 
engineering at the University of Denver 
(Colo.), has been appointed associate profes- 
sor at Illinois Institute of Technology, 
Chicago. He received his bachelor’s degree 
at the University of Missouri and his master’s 
at Harvard in 1937, and from 1941 to i946 
served as commander at the United States 
Naval Academy, where he taught electrical 
engineering. 


L. W. Matsch (M ’41) formerly supervisor in 
electrical engineering research at the Armour 
Research Foundation of the Illinois Institute 
of Technology, has been appointed professor 
of electrical engineering. He obtained his 
bachelor’s degree at Lewis Institute, predeces- 
sor of his present school, and taught part-time 
at Lewis from 1926 to 1940. From 1927 to 
1945 he was also an engineer with the Com- 
monwealth Edison Company. 


A. E. Knowlton (M’17, F’30) senior as- 
sociate editor, Electrical World, has been 
appointed chairman of the AIEE committee 
on the Edison Medal for 1948-49. Prior to 
his joining Electrical World in 1930, Mr. 
Knowlton was associate professor of electrical 
engineering at Yale University. His Insti- 
tute activities have included many technical 
committees and papers. 


E. D. Doyle (A’09, M’18, F’27) patent 
engineer, Leeds and Northrup Company, 
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Philadelphia, Pa., has been appointed chair- 
man of the AIEE board of examiners for 
1948-49. From 1911 to 1926 Mr. Doyle was 
with the Electrical Testing Laboratories, 
Inc., New York. He has been with his 
present firm since 1926. 


Karl Geiges (A’31, M’41) of the Under- 
writers’ Laboratories, Inc., New York, N. Y., 
has joined the steering committee of a new 
technical organization, the Standards Engi- 
neering Society, whose purpose is to remove 
barriers that tend to isolate various fields of 
engineering. He served on the AIEE com- 
mittee on electronics from 1947 to 1948. 


S. J. Beaton (A’45) recently has been ap- 
pointed to the staff of the industrial heating 
section of Canadian General Electric Com- 
pany, Ltd., Toronto, Ontario, Canada. He 
was graduated from the University of British 
Columbia in 1944 with a bachelor of arts 
degree and received his company’s “test” 
training. He is a registered professional 
engineer. 


C. H. Zurheide (A ’45) has been appointed 
project engineer in the substation depart- 
ment of the Union Electric Company, St. 
Louis, Mo. He was affiliated with the La- 
clade Power and Light Company when it was 
acquired by the Union Electric Company in 
1945. 


F. P. Robinson, Jr. (A ’38) has resigned from 
the staff of Union Electric Company, St. 
Louis, Mo., to join the General Electric 
Atomic Research Project, Hanford, Wash. 
He was with his former company for more 
than eight years. 


L. H. Marotte (A’45) superintending en- 
gineer, stations section, Quebec Hydro- 
Electric Commission, Montreal, Quebec, 
Canada, has retired. A graduate of McGill 
University in the class of 1904, he had been 
with the Commission since 1924. He pre- 
viously was a member of AIEE from 1921 to 
1924. 


B. M. Carothers (A ’42) who has been proj- 
ect engineer, engineering and construction 
department, Union Electric Company, St. 
Louis, Mo., has been appointed electrical 
engineer. 


J. F. Craib (A ’37) has joined the engineering 
staff of Airborne Instrument Laboratories, 
Inc., Mineola, N. Y. He will be engaged in 
research and development of special-type 
microwave receivers. 


F. C. Todd (A ’42) who has been Memphis, 
Tenn., district manager for the Line Ma- 
terial Company, has been made manager of 
their protective equipment sales department. 


J. C. Strasbourger (A’31, M’40) supervis- 
ing engineer, electrical department, Cleve- 
land (Ohio) Electric Illuminating Company, 
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has been reappointed chairman of the AIEE 
Sections committee for 1948-49. 


N. S. Hibshman (A’27, M32, F ’41) dean, 
school of science and technology, Pratt Insti- 
tute, Brooklyn, N. Y., has been appointed 
chairman of the AIEE Lamme Medal com- 
mittee for 1948-49. 


Walter C. Smith (A’07, M’26, F’40) re- 
tired associate of the General Electric Com- 
pany, now living in San Francisco, Calif., has 
been reappointed chairman of the AIEE con- 
stitution and bylaws committee for 1948-49. 


H. M. Turner (M’20, F ’44) associate pro- 
fessor of electrical engineering, Yale Univer- 
sity, New Haven, Conn., has been reap- 
pointed chairman of the AIEE technical 
program committee for 1948-49, and of the 
committee for the award of Institute prizes 
for 1948-49. 


Harry Barker (A’ 05, M713) consulting 
engineer, Barker and Wheeler, Engineers, 
New York, N. Y., has been reappointed chair- 
man of the AIEE committee on code of prin- 
ciples of professional conduct for 1948-49. 


Robin Beach (A’15, M’21, F’35) consult- 
ing engineer, Brooklyn, N. Y., has been re- 
appointed chairman of the AIEKE safety com- 
mittee for 1948-49. 


B. M. Jones (A’20, M’24, F’42) planning 
engineer, planning and development depart- 
ment, Duquesne Light and Power Company, 
Pittsburgh, Pa., has been reappointed chair- 
man of the AIEE publications committee for 
1948-49. 


Reginald L. Jones (A’11, M717, F’31, 
member-for-life) vice-president, Bell Tele- 
phone Laboratories, Inc., New York, N. Y., 
has been reappointed chairman of the AIEE 
Standards committee for 1948-49. 


C. G. Suits (M41, F ’47) vice-president and 
director of research laboratory, General 
Electric Company, Schenectady, N. Y., has 
been reappointed chairman of the AIEE re- 
search committee for 1948-49. 


T. G. LeClair (A’24, M’29, F ’40) supervis- 
ing development engineer, Commonwealth 
Edison Company, Chicago, IIl., has been re- 
appointed chairman of the AIEE professional 
co-ordinating committee for 1948-49. 


OBITUARY eeecee 


William Schrofield Gorsuch (A’07, M17) 
retired engineer of economics of the Board of 
Transportation of the New York City Transit 
System, died June 13, 1948. Mr. Gorsuch 
was born in Baltimore, Md., on July 18, 1871, 
attended Johns Hopkins University, and was 
graduated in 1898 with a degree in electrical 
engineering. After graduation Mr. Gorsuch 
was associated with the late Doctor Louis 
Duncan, consulting engineer, and later be- 
came engineer in charge of the design and 
construction of the Baltimore Telephone 
Construction Company. In 1903, he en- 
tered the service of Bartlett Hayward and 
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Company, engineers, as assistant engineer in 
charge of designing and constructing elec- 
trically operated equipment for gas plants. 
In 1905 he became associated with the New 
York Central Railroad Company as design 
engineer and was associated in the electri- 
fication of Grand Central Terminal and ~ 
of the Central line. In 1908 he joined the 
Metropolitan Street Railway Company as 
assistant electrical engineer in charge of 
general engineering department. When the 
Metropolitan Railway Company was taken 
over the Interborough Rapid Transit Com- 
pany in 1912, Mr. Gorsuch was made head of 
a newly created department as engineer of 
economics. He was engaged in the develop- 
ment and expansion of the power facilities 
for the existing and projected subways, ele- 
vated lines, and surface railways. He was 
also engineer in charge of evaluation of the 
entire Interborough Company’s property in 
connection with the seven cent fare case and 
testified as the company’s expert in receiver- 
ship cases. He was author, and also co- 
author with the late H. G. Stott, of several 
technical papers, presented before AIEE. 
He served on many AIEE committees 
throughout his career, among them power 
generation (1926-36, chairman 1926-28), 
technical progress (1926-28, 1930-35), pub- 
lication (1928-36, chairman 1928-31), co- 
ordination of Institute activities (1928-34), 
constitution and bylaws (1931-36, chairman 
1931-34), and headquarters committee 
(1933-36, chairman 1933-36). 


William Hemmenway Pratt (A ’02, M04, 
F 13) who retired in 1940 from his position as 
the executive consulting engineer at the West 
Lynn, Mass., works of General Electric Com- 
pany, died May 29, 1948. He was born at 
Waltham, Mass., on December 29, 1872, and 
attended the Massachusetts Institute of Tech- 
nology, graduating in 1894 with a degree in 
electrical engineering. In 1895 he entered 
the testing department of the General Elec- 
tric Company at Lynn, Mass., and was 
appointed foreman in charge of the stand- 
ardizing laboratory. In 1897 he was trans- 
ferred to the engineering department as assis- 
tant in meter and instrument design. He 
became chief consulting engineer at the West 
Lynn works and continued in this position 
until his retirement in 1940. He was noted 
as an authority in meter design and manufac- 
ture, being credited with the design of the 
first conduction meter manufactured by the 
company. He had assigned to the company 
more than 100 patents on meter types. 
From 1941 to 1945 he was affiliated with the 
Research Cost Corporation. In 1932 Mr. 
Pratt represented the United States contribu- 
tion on meters at the Electrical Congress in 
Paris. He was recipient of the New England 
Award by the New England Engineering 
Societies in 1941. He was a member of the 
American Society of Mechanical Engineers, 
and served as Syracuse Section secretary for 
AIEE from 1942 to 1943 and was chairman 
of that Section 1943-44. He served also on 
the joint power factor committee from 1920 
to) 1921: 


Frederick Robert George (A’13, M725, 
Member for Life) former engineer of electric 
operations of the Pacific Gas and Electric 
Company, San Francisco, Calif., died June 1, 
1948. Born September 13, 1880, at Brook- 
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ings, S. Dak., he attended the University of 
Southern California and Stanford Univer- 
sity. He began his electric career as an 
oiler and operator in the steam-driven gener- 
ating plant of the Mutual Electric Light 
Company, one of the many predecessors of the 
Pacific Gas and Electric Company, San 
Francisco. In 1902 he moved to the Bay 
County’s Power Company, another predeces- 
sor, and rose to be foreman of a substation. 
With the incorporation of Pacific Gas and 
Electric Company in 1905, Mr. George was 
selected to be an engineer in the new or- 
ganization with Oakland as the center of his 
activities. In addition to four years with 
predecessors he had a 41-year share in the 
growth of Pacific Gas and Electric Company 
and developed or initiated many of the de- 
vices and methods that speeded its growth. 
In 1918 he was transferred to headquarters 
and in 1921 he was promoted to the position 
of engineer of electric operation. He retired 
from the company in 1946. He served on 
the AIEE membership committee from 1926 
to 1928. 


Harry Nelson Latey (A’04, F’13) retired 
chief electrical engineer of the board of 
transportation, New York, N. Y., died July 
11, 1948. Mr. Latey was born in Omaha, 
Neb., October 14, 1870. He attended the 
Massachusetts Institute of Technology and 
was graduated in 1893 with the degree of 
bachelor of science in electrical engineering. 
Following graduation, Mr. Latey was as- 
sociated with the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa. In 1898 he became the assistant en- 
gineer of the Manhattan Elevated Railway 
Company in New York and was in charge of 
the electrification of the old steam-powered 
lines. When the Interborough Rapid Tran- 
sit Company started to make its plans for the 
first subway in 1904, Mr. Latey was the elec- 
trical engineer of both systems. From 1906 
to 1912 he was in the firm of Latey and 
Slater, railroad engineers and contractors, as 
senior partner. In 1920 he went with the 
state transit commission as electrical engineer 
in charge of the equipment division. When 
the board of transportation absorbed the 
transit commission in 1924, Mr. Latey be- 
came the chief engineer of the division of 
equipment and operation. He retired in 
1944, having continued in his post past 
retirement age at the special request of the 
board of transportation which declared his 
services essential. He was a member of the 
American Society of Civil Engineers, the 
Engineers Club of New York City, and 
served on the AIEE board of examiners from 
1918 to 1921 and on the transportation com- 
mittee from 1931 to 1933 and from 1936 to 
1938. 


Samuel Poole MacFadden (A’19, M’30) 
former executive vice-president of Puget 
Sound Power and Light Company, Seattle, 
Wash., died on May 23, 1948. Born June 
17, 1894 at Laredo, Tex., Mr. MacFadden 
was graduated from Agricultural and Me- 
chanical College of Texas in 1916 with the de- 
gree of bachelor of science in electrical 
engineering. From 1916 to 1917 he was a 
graduate apprentice with the Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa. From 1917 to 1919 heserved 
in the coast artillery and in the American 
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Expeditionary Force, rising to the rank of 
first lieutenant. From 1919 to 1920 he was 
associated with the Eastern Texas Electric 
Company, Beaumont, and from 1920 to 1923 
he was with the Southwestern district of 
Stone and Webster, Inc., Houston, Tex., as 
assistant to the district manager. In 1923 
he went with the Eastern Texas Electric 
Company again, as superintendent in Port 
Arthur, Tex., where he remained until 1925. 
From 1925 to 1929 he was manager of a 
group of electric light and power companies 
which were consolidated into the Western 
Public Service Company and the Missouri 
Service Company, Scottsbluff, Neb. In 
1930 he went with Puget Sound Power and 
Light Company as vice-president and direc- 
tor, becoming executive vice-president in 
1942. He resigned in 1946 due to ill health, 
but continued as a consultant. He was a 
past president of the Northwest Electric Light 
and Power Association. 


Alexander Hardie Forman (A’16, M ’27’? 
F’43) head of the electrical engineering 
department of the University of W. Virginia, 
Morgantown, West Va., died June 30, 1948. 
Doctor Forman was born at Grafton, West 
Va., on June 12, 1883, and received the de- 
gree of bachelor of science in mechanical 
engineering from West Virginia University in 
1906, the electrical engineering degree in 
1908. He received his master’s degree in 
mechanical engineering in 1909, and his 
doctorate degree, in 1912, both from Cornell 
University. He was a member of the re- 
search division, engineering department of 
the Westinghouse Electric and Manufactur- 
ing Corporation from 1906 to 1907, and 
was assistant in physics, Cornell University, 
from 1909 to 1910, and instructor from 1910 
to 1913. In 1913 he went to West Virginia 
University as assistant professor of experimen- 
tal and electrical engineering, and from 1916 
until his death was professor and head of the 
electrical engineering department. He was 
a member of the American Physical Society 
and Eta Kappa Nu and served as an AIEE 
Student Branch counsellor from 1930 to 
1947, 


Leland Russell Mapes (M ’29, F ’37) assist- 
ant vice-president, Illinois Bell Telephone 
Company, Chicago, died May 1, 1948. 
Born on March 26, 1892, in Middletown, 
N. Y., he was graduated from Columbia 
University in 1913 with a degree in electrical 
engineering. From 1913 to 1925 he was an 
engineer with the American Telephone and 
Telegraph Company, and was active in the 
introduction of dial equipment in the Bell 
system. From 1925 to 1928 he was equip- 
ment and building engineer for the Illinois 
Bell Telephone Company. From 1928 to 
1936 he was chief engineer of the Chicago 
area of that company, and was responsible 
for design of all telephone plants in the city of 
Chicago. In February 1938 he was ap- 
pointed general manager, state area, for the 
company with supervision of territory outside 
of Chicago. In 1944 he was appointed vice- 
president. Mr. Mapes served on the AIEE 
committees on communication (1938-46), 
planning and co-ordination (1941-42), tech- 
nical program (1941-42), Washington award 
(1942-46), transfers (1934-36), and was a 
member of the board of directors from 1938 
to 1942. 
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James C. Bowman, Sr. (A’40, M’44) 
engineer, electric distribution department, 
Public Service Electric and Gas Company, 
Newark, N. J., died June 30, 1948. Born on 
August 15, 1892 in Ramey, Pa., Mr. Bowman 
received the degree of bachelor of science in 
electrical engineering from the Newark (N. J.) 
College of Engineering in 1930. In 1922 he 
became associated with the Public Service 
Electric and Gas Company as a test assistant, 
and since 1923 he had been engaged on sys- 
tem relaying and operating problems. He 
served on the AIEE relay committee for 
1947-48. 


Carey White Baker (M ’34) chief engineer, 
English Electric Company of Canada, Ltd., 
St. Catherines, Ontario, Canada, died July 
5, 1948. Mr. Baker was born in Kingston, 
Ontario, on August 23, 1880. He attended 
Queens College and was graduated in 1905 
with the degree of bachelor of science in 
electrical engineering. He began his engi- 
neering apprenticeship with the Westinghouse 
Electric and Manufacturing Company, East 
Pittsburgh, Pa., in 1905, and went with the 
Canadian Westinghouse Company, Hamil- 
ton, Ontario, in 1907. Heserved as a meter 
and transformer engineer until 1921, when 
he went with the engineering department of 
the Packard Electric Company, St. Cather- 
ines, on transformer design. In 1934 he be- 
came chief engineer for the English Electric 
Company and shortly before his death he had 
been appointed engineering consultant to the 
vice-president of the company. He was a 
member of the Canadian Electrical Associa- 
tion, the Canadian Electrical Manufacturers 
Association, and served as chairman of the 
Niagara Subsection for 1947-48. He was 
also an Associate member of AIEE from 1918 
to 1930 and served. on the committee for 
instruments and measurements from 1919 to 
1922. 


Joseph C. Wilson, Jr. (A ’44) manager of the 
Athens, Tenn., Board of Public Utilities, died 
July 14, 1948. Born on February 13, 1904, 
in Nashville (Tenn.), Mr. Wilson attended 
the University of Tennessee and was gradu- 
ated in 1925 with a bachelor of science de- 
gree in electrical engineering. Upon gradua- 
tion, he entered the student training course of 
the Westinghouse Electric Corporation at 
East Pittsburgh, Pa. In 1926 he went with 
the Eastern division of the Tennesee Electric 
Power Company as industrial engineer, re- 
maining with this company until joining the 
Board of Public Utilities as general manager 
in 1939. 


MEMBERSHIPeee 


Recommended for Transfer 


The board of examiners at its meeting of July 15, 1948, 
recommended the following members for transfer to the 
grade of membership indicated. Any objection to these 
transfers should be filed at once with the secretary of the 
Institute. A statement of valid reasons for such objec- 
sig must be furnished and will be treated as confiden- 
tial, 


To Grade of Fellow 


Baker, B. P., dev. engr., switchgear div., Westinghouse 
Elec. Corp., East Pittsburgh, Pa. 


ELECTRICAL ENGINEERING 


“ial 


Benkesser, G. E., design & construction engr., Dept. 
Water & Pr., Gity of Los Angeles, Calif. 

Blakeslee, T. M., transmission & communication engr., 
Pages Dept. of Water & Pr., Los Angeles, 

alif. 

Bretch, E., elec. engr., Century Elec. Co., St. Louis, Mo. 

Goetzenberger, R. L., vice pres., Minneapolis-Honey- 
well Regulator Co., Washington, D. C. 

Horelick, S., pres. & director, Pennsylvania Trans- 
former Co., Pittsburgh, Pa. 

Johnson, E. F., chief engr., Florida Pr. & Lt. Co., 

“Miami, Fla. : 

Kroneberg, A. A., senior elec. engr., Southern Cali- 
fornia Edison Co., Los Angeles, Calif. 

Minor, E. E., Jr., design specialist, Glenn L, Martin Co., 
Baltimore, Md 

~ Rockwell, E. W., senior engr., Metropolitan Water Dis- 

trict of Southern California, Los Angeles, Calif. 

Sealey, W. C., engineer-in-charge transformer design, 
Allis-Chalmers Mfgr. Co., Milwaukee, Wis. 

Wilhelm, G. R., general plant engr., The Chesapeake & 
Potomac Tel. Co., Washington, D. C. 

Wyatt, K. S., engineer of cables, Phelps Dodge Copper 
Products Corp., New York, N. Y. 


13 to grade of Fellow 


To Grade of Member 


Ankeney, H. E., elec. engr., Verson Allsteel Press Co., 
Chicago, II. 

Baker, M. A., section engr., General Elec. Co., Ft. 
Wayne, Ind. 

Barrett, E. J., elec. engr., General Elec, Co., Richland, 

ash. 

Bastedo, G. R., electronics engr., National Bureau of 
Standards, Washington, D. C. 

Bell, R. B., engr.; director of engg. lab., King-Sealey 
Corp., Ann Arbor, Mich. 

Bostwick, M. A., application engr., relay sec., Westing- 
house Elec. Corp., Newark, N. J. 

a) C. M., asst. engr., Florida Pr. & Lt. Co., Miami, 


a. 

Buchanan, L. W.., electrical motor design engr., Westing- 
house Elec. Corp., Lima, Ohio 

Buus, B. R., engr., lamp dept., General Elec. Co., 
Cleveland, Ohio 

Carral, C. S., mer., industrial div., General Elec., S. A., 
Mexico City, Mexico 

Clark, F. M., works ener.: technical consultant on insu- 
lation, General Elec. Co., Pittsfield, Mass. 

Cornbrooks, C. W., elec. engr., Navy dept., Bureau of 
Ships, Washington, D. C. 

Crist, J. A., engr., staff functions, New York Tel. Co., 
New York, N. Y. 

Croxford, F. W., elec. engr., General Elec. Co., Sche- 
nectady, N. Y. 

Davis, R. H., suvervisor of engg. training, Westing- 
house Elec. Corp., East Pittsburgh, Pa. 

D’heedene, A, R., member of technical staff, Bell Tel 
Labs., Inc., New York, N. Y. 

Dillow, N. E., application engr., General Electric Co., 
Schenectady, N. Y. 

Doll, H. G.. chairman of board; director of research, 
cape Well Surveying Corp., Houston, 

ex. 

Dutton, J. C., power transformer design engr., General 
Elec. Co., Pittsfield, Mass. 

Field, K. S., elec. engr., Ebasco Services, Inc., New 
York, N. Y. 

Freeman, W. C., elec. engr., Ebasco Services, Inc., New 
York NVY. 

Funderburg, C. H., supervisor, elec. maint. div., Car- 
bide & Carbon Chem. Corp., Oak Ridge, Tenn. 

Giger, W., engr., transportation industries, Allis- 
Chalmers Mfer. Co., Milwaukee, Wis. 

Hanfmann, A. M., elec. engr., Western Elec. Co., 
Allentown, Pa. 

Hansell, E. B., elec. engr., Gilbert & Barker Mfgr. Co., 
West Springfield, Mass. 

Harris, H. W., consulting elec. engr., Amarillo, Tex. 

Harvie, R. A., engr., Canadian Westinghouse Co. Ltd., 
Hamilton, Ontario, Ganada 

Hayford, B. I., section engr., Westinghouse Elec. Corp., 
East Pittsburgh, Pa. 

Hendriks, H. J., quality control staff engr., Collins 
Radio Co., Cedar Rapids, lowa 

Jewell, L. R., Jr., district engr., Southwestern Bell Tel. 
Co., Wichita, Kans. 

Joseph, W., system planning engr., American Gas & 
Elec. Service Corp., New York, N. Y. 

Keirn, G. F., elec. engr., The Goodyear Tire & Rubber 
Co., Akron, Ohio 

Knightley, W. J., div. plant supt., Southwestern Bell 
Tel. Co., Wichita, Kans. 
Koehne, K. H., head of special devices, USN Office of 
Naval Research, San Francisco Branch, Calif. 
Lang, W. T., mgr., engg. service dept., Control Instru- 
ments Co., Inc., Brooklyn, N 

Lebacquz, J. V., asst. prof. of elec. engg., Johns Hopkins 
Univ., Baltimore, Md. 

Maginniss, F. J., application engr., General Elec. Co.» 
Schenectady, N. Y. 

Maiese, D. R., elec. engr., power trans. design sec., 
Allis-Chalmers Mfg. Co., Pittsburgh, Pa. 

Maul, J. A, American Machine & Foundry Co., Brook- 
lyn, N. Y 

McCauley, C., Jr., elec. engr., radio shops, Western 
Elec. Co., Winston-Salem, N. C. 

McNutt, W. K., section engr., General Elec. Co., 
Schenectady, N. Y. 


Meeds, L. T., equipment & bldgs., engr., Chesapeake & 
Potomac Tel. Co., Washington, D. C 
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Miller, C. F., asst. prof., elec. engg., Johns Hopkins 
Univ., Balumore ned, eral , 
Peterson, J. P., elec. application engr., Westinghouse 
Elec. aor , Binghamton, N. Y. 

Peterson, P. O., pres., P & F Construction Co., Inc., 
Carlisle, Ark. 

Pullen, K. A., Jr., elec. engr., P-4, Ballistics Research 
Labs., Aberdeen Proving Ground, Md. 

Reese, D. R., development test engr., General Elec. Co., 
Schenectady, N. Y. 

Ruehlin, W. H., supt. of electrical div., The Electric 
Auto-Lite Co., Toledo, Ohio, 

Ruse C., div. engr., Pacific Pr. & Lt. Co., Astoria, 

reg. 

Rylance, J. H., senior prof., mechanical (elect.) div., 
War Assets Corp., Montreal, Que., Can. 

Sampson, C. C., telegraph supt., Gulf Refining Co., 

ouston, Tex. 

Schwalbert, W. H., investigation engr., The Toledo 
Edison Co,, Toledo, Ohio 

Steidinger, D. K., field engr., Allis-Chalmers Mfgr., Co., 
Washington, D. C. 

Stinson, L. le power plant design engr., Los Angeles 
Dept. of Water & Pr., Los Angeles, Calif. 

Walters, W. W., toll transmission engr., Illinois Bell 
Tel Co., Chicago, Ill. 

Warchol, M. F., elec. engr., Jackson & Moreland, 
Engrs., Boston, Mass. 

Whitehead, D. L., engr., analog computing lab., West- 
inghouse Elec. Corp., East Pittsburgh, Pa. 

Young, E. L., design section engr., Delco Products Div., 
General Motors Corp., Dayton, Ohio 


58 to grade of Member 


Applications for Election 


Applications have been received at headquarters from 
the following candidates for election to membership in 
the Institute. Any member objecting to the election 
of any of these candidates should so inform the secretary 
before September 21, 1948, or November 21, 1948, if the 
applicant resides outside of the United States, Canada, 
or Mexico. 


To Grade of Member 


United States, Canada, and Mexico 


Barr, R. O., Barr Hotel, Lima, Ohio 
tees L., American Cyanamid Co., New York, 


Bose, P. M., Govt. of India, New Delhi, India 

Bray, T. W., Jr., City of Nashville, Nashville, Tenn. 

Casciato, R., E. W. Twitchell, Inc., Philadelphia, Pa. 

Gettliffe, R., New Consolidated Gold Fields Ltd., 
Johannesburg, South Africa 

Gider, J. E., The Commonwealth & Southern Corp., 


Birmingham, Ala. 
Hamel, J. S., C. E., 241 W. 72nd Street, New York 23, 
Nay 


Herring, Tew. (re-election), National Technical Labs., 
So. Pasadena, Calif. 
waaeoas a: R., International Tel. & Tel. Corp., New York, 
¥, 


Hunter, P. D., San Francisco Naval Shipyard, San 
Francisco, Calif. 

Ibach, J. R., Sr., Aluminum Co. of America, Massena, 
N_Y. 


Iredell, L. N., 9141/2 Franklin St., Tampa, Fla. 

Mitrovitch, M. S., Morgan Elec, Co., Fairbanks, Alaska 

Moseman, W., Consumers Public Power . Dist., 
O’Neill, Nebr. 

Rhinehart, R. J., Arkansas Power & Light Co., Pine 
Bluff, Ark. 

Biggs, H. E., Butler Mfg. Co., Kansas City, Mo. 

Saverino, E. V., American Cyanamid Company, New 
York, N. Y. 

Shirely, J. Y., Robert & Co., Inc., c/o Postmaster, San 
Francisco, Calif, 

Wylie, L., Chicago, Milwaukee, St. Paul & Pacific R.R. 
Co., Seattle, Wash. 

Youngson, A. G., Rice & Youngson, New York, Noy, 


21 to grade of Member 


To Grade of Associate 


United States, Canada, and Mexico 


1. Nortu EASTERN 


Corey, C. P., New England Powe: Co., Millbury, Mass, 

Drake, R. K., General Elec. Co., Schenectady, INGA, 

Gummo, R. L. (re-election) Westinghouse Elec. Corp., 
Buffalo, N. Y. 

Leahey, M. T., Sordoni Const. Co., Binghamton, N.Y. 

Sullivan, F, W., Rochester Gas & Elec. Corp., Rochester, 
N. Y 


Watson, E. C., Westinghouse Elec. Corp., Buffalo, N. Y- 


2. Mrpp.e EASTERN 

Clements, C. W., Curtiss-Wright Corp., Columbus, Ohio 

Duchesneau, B. E., Curtiss-Wright Corp., Columbus, 
Ohio 

Ferry, J. F., Potomac Elec, Power Co., Washington, 
D.C 


Fox, Sr Sordoni Const. Co., Forty Fort, Pa. 


Frantz, R. L., Hobart Brothers Company, Troy, Ohio 
Greer, M. M., Edwin L. Wiegand Co., Pittsburgh, Pa. 
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Miller, W. H. (re-election) The Hobart Brothers Co., 
_ Troy, Ohio 

Pierlott, R. G., Jr., Pennsylvania Military College, 
Chester, Pa. 

Reed, E. S., Westinghouse Elec. Corp., Lima, Ohio 

Richards, H. H. C., Jr., Westinghouse Elec. Corp., 
Lima, Ohio 

Sanders, P. F., E. I. DuPont de Nemours & Co., Phila- 
delphia, Pa. 

Stancati, W. N., The Foxboro Co., Pittsburgh, Pa. 

Williams, H. J., Pennsylvania Elec. Co., Johnstown, Pa. 

Woods, T. J., Westinghouse Electric Corp., East Pitts- 
burgh, Pa. 


3. New York Ciry 


Gaylord, W. K., Anaconda Wire & Cable Co., Hastings 
on-Hudson, N. Y. 

Goldstein, R., Sperry Gyroscope Co., Great Neck, N. Y. 

Hardman, J. E., Anaconda Wire & Cable Co., Hastings- 
on-Hudson, N. Y. 

Knerl, R. R., Anaconda Wire & Cable Co., Hastings-on- 
Hudson, N. Y. 

Leader, A. H., Anaconda Wire & Cable, Hastings-on- 
Hudson, N. Y. 

Malmlow, E. G., Elge Associates, New York, N. Y. 

Michelson, H. J., 28 E. Monroe St., Paulsboro, N. J 

Putnam, G. P., Westinghouse Elec. Corp., Newark, N. J. 

Seaborg, J. W., Westinghouse Elec. Int’l Co., New 
York, N.Y. 

Waters, B. W., Anaconda Wire & Cable Co., Hastings- 
on-Hudson, N. Y. 

Whitener, R. V. (re-election), James Allen Tuck, New 
York, N. Y. 


4. SouTHERN 


Buchanan, L. R., Appalachian Elec. Power Co., Roan- 
oke, Va. 
Chapman, C. S., Tenn. Coal, Iron & R.R. Co., Fair- 
eld, Ala. 
Clot, O. A., Peninsular Armature Works, Miami, Fla. 
Cremer, G. D., Fairchild Engine & Airplane Corp., Oak 
Ridge, Tenn. 
Hanson, H. B., Jr., I. K. Clisby & Associates, Inc., 
Birmingham, Ala. 
Harvie, W. J., Solvay Process Div., Hopewell, Va. 
MewWaorter, W. P., McDonald Elec. Co. Inc., Miami, 
la. 
Paulk, F. D., Jr., TVA, West Point, Miss. 
Pickens, GC. R., U. S. Rubber Co., Atlanta, Ga. 
Winningham, O., National Container Corp., Jackson- 
ville, Fla. 


5. Great Lakes 


Carlson, E. C., Electroline Co., Chicago, Il. 
Carlson, R. E., General Elec. Co., Detroit, Mich. 
Evans, W. H., Iowa State College, Ames, Iowa 
Gettelman, A. F., General Elec. Co., Minneapolis, Minn. 
Griffith, G. R., C. F. Braun & Co., East Chicago, Ind. 
Hogan, R. W., Giffels & Vallet Inc., Detroit, Mich. 
Koht, F., Precision Scientific Co., Chicago, Ill. 
Minieka, E. T., Commonwealth Edison Co., Chicago, 
1 


Tl. 
Salis, N. H., Lafayette Electric Cooperative, Darlington, 
Wi 


is. 

Scherba, M. B., Wayne University, Detroit, Mich. 

Tierney, T. E., Commonwealth Edison Co., Chicago, 
Tl. 


7. SoutH WEsr 


Dorsett, H. L., Electrical Contractor, Norman, Okla. 

Gruesen, K. R., Texas Elec. Service Co., Ft. Worth, 
Tex, 

Jennings, J. E. (re-election), Southwestern Bell Tel. Co., 
Houston, Tex. 

Meyer, M. M. M., Bureau of Reclamation, Amarillo, 


ex. 

Osborne, M. J., Crossett Paper Mills, Crossett, Ark. 

Rubio S., J. L., General Elec. Service Shop, Mexico, 
Federal District, Mexico 


8, Pactric 


Allan, J. N., Pacific Gas & Elec. Co., San Francisco 
Calif. 

Bergh, E. M., General Elec. Co., San Francisco, Calif. 

Cowles, G. D., GC. F. Braun & Co., Alhambra, Calif. 

Himes, S. T., Spott Electric Co., Oakland, Calif. 

Lolmaugh, O. B., Douglas Aircraft Co. Inc., Santa 
Monica, Calif. 

Ohlson, R. L., State of California, San Francisco, Calif. 

Spraker, E. G. (re-election) Mathews Conveyer Co., 
San Carlos, Calif. 


9, NorrH WEstT 


Allehoff, F. A., Bonneville Power Admin, Portland, 
Oreg. 

Lowe, W. E., Bureau of Reclamation, Great Falls, 
Mont. 


Elsewhere 


Bowman, H., Braden Copper Co., Sewell, Rancagua, 
Chile, South America 

Collot, M., Societe E.F.L.I., Paris, France 

Desai, D. D., 34 Podar Chambers, Parsi Bazar Street, 
Fort, Bombay, India 

Kulatilake, S. A., British Thomson-Houston Co. Ltd., 
Rugby, England 

Madiwale, R. K., Tata Sons Ltd., Bombay, India 

Southon, V., Eastern Electrical Board, Bedfordshire, 
England 

Svoboda, J., Literary Dept. of Ceskomorayska-Kolben- 
Danek, n. p. Praha X, Krizikova 38, Czechoslovakia 

Sykes, H., Austral Malay Tin Ltd., Taiping, Malaya 


Total to grade of Associate 


United States, Canada, and Mexico, 67 
Elsewhere, 8 
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OF CURRENT INTEREST 


Edison Foundation Asks Funds 
for Maintenance of Program 


On February 11, 1948, the 101st anniver- 
sary of the birth of Thomas Alva Edison, the 
Edison laboratories at West Orange, N. J., 
formally were opened to the public by the 
Thomas Alva Edison Foundation, an or- 
ganization which was established early in 
1947 by leaders in science, education, and 
industry to carry on in the spirit of progress 
exemplified by Edison. Under the direction 
of Vice-Admiral Harold D. Bowen, United 
States Navy (retired), wartime chief of the 
Office of Naval Research, the foundation’s 
program includes, in addition to the preserva- 
tion of Edison’s laboratory, the establishment 
there of the Edison Center for Invention, 
Discovery, and Research, and the restoration 
of the nation-wide scholastic competition 
which was discontinued after Edison’s death 
in 1931. 

As part of its program, the foundation also 
will conduct an investigation of industrial 
research methods which should prove to be of 
great value to industry and to the nation as a 
whole. At the present time research workers 
are engaged in making an analytical study of 
the approximately 2,500 notebooks which 
Edison kept while working on his inventions 
to determine what techniques of research he 
utilized to make his own efforts so produc- 
tive. Results of the studies will be made 
available to scientists, educators, and re- 
search centers, though a series of monographs, 
the first of which, to be issued early in 1949, 
will deal with his work on the incandescent 
lamp. 

The restoration of the Edison scholastic 
competition will involve the award of a 4- 
year scholarship and will carry forward the 
purpose of the original Thomas A. Edison 
scholarship which was to “‘stimulate the inter- 
est of the youth of America in mental de- 
velopment, with particular emphasis on 
scientific matters and, more generally, in the 
high ideals that make for the highest type of 
American manhood.”’ However, considera- 
tion of its revival has been deferred to a later 
date when funds are available. 

For the maintenance of these projects, it is 
estimated that $2,590,000 must be obtained 
to carry out the foundation’s program over a 
10-year period. Approximately one million 
dollars already has been obtained toward the 
goal and the foundation is confident that the 
necessary funds will be forthcoming to per- 
petuate its work. Any contribution, large or 
small, will be a contribution to the success of 
the Edison Foundation which, through its 
service to science, education, and industry 
will keep alive the spirit of Thomas Edison. 
A progress report of the foundation’s activi- 
ties will be mailed to donors at appropriate 
intervals (contributions to the foundation are 
deductible for Federal income tax purposes). 

The Edison Foundation’s program has 
been approved by the AIEE board of direc- 
tors and five AIEE representatives have been 
appointed. They are 


T. F, Barton (F’30) General Electric Company, New 
York, N. Y.; M. D. Hooven (F’44) Public Service 
Electric and Gas Company, Newark, N. J.; A. E. 
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Knowlton (F ’30) Electrical World, New York, N. Y.; 
R. K. Honaman (F ’36) Bell Telephone Laboratories, 
Inc., New York, N. Y.; R. T. Henry (F ’33) Buffalo 
Niagara Electric Corporation, Buffalo, N. Y. 


Among the trustees of the Thomas Alva 
Edison Foundation are the following AIEE 
members: 


C. F. Kettering (F’14) General Motors Corporation, 


Dayton, Ohio, president; K.T. Compton (F ’31) Massa- 


chusetts Institute of Technology, Cambridge, Mass., 
vice-president; Gano Dunn (F712, HM ’45) J. G. White 
Engineering Corporation, New York, N. Y., vice-presi- 
dent; F. M. Tait (F712) Dayton Power and Light 
Company, Dayton, Ohio, vice-president; F. B. Jewett 
(F’12, HM ’45) American Telephone and Telegraph 
Company (retired), Short Hills, N. J.; H. T. Liversidge 
(F °43) Philadelphia Electric Company, Philadelphia, 
Pa.; R. A. Millikan (M’22, HM ’33) California Insti- 
tute of Technology (retired), Pasadena, Calif.; David 
Sarnoff (M ’23) Radio Corporation of America, New 
York, N. Y. 


Television Survey First Task 
of Newly-Formed JTAC 


Creation of a Joint Technical Advisory 
Committee for the purpose of advising govern- 
mental agencies, such as the Federal Com- 
munciations Commission and other profes- 
sional and industrial groups on technical 
aspects of radio, television, and electronic 
problems, has been announced by the Radio 
Manufacturers Association and the Institute 
of Radio Engineers. The JTAC reports to 
the two boards of directors who have dele- 
gated the responsibility to Doctor B. E. 
Shackelford, president of the IRE, and to 
Doctor W. R. G. Baker, director of engineer- 
ing of the RMA as direct contacts. 

Philip F. Siling, chief engineer of the RCA 
Frequency Bureau, of Washington, was 
appointed first chairman of the new commit- 
tee as a representative of IRE. The vice- 
chairman is Donald G. Fink, (M45) editor 
of Electronics, New York, N. Y., who is a 
representative of RMA. 

The other six members of the 8-man com- 
mittee are: Doctor Ralph Brown (F 41) of 
Bell Telephone Laboratories, Murray Hill, 
N. J.; Melville Eastham (F ’46) of General 
Radio Company, Cambridge, Mass. ; John 
V. L. Hogan (M’20) of Interstate Broad- 
casting Company, Inc., New York, N. Y.; 
E. K. Jett, a former commissioner of the FOC 
and now director of the Baltimore Sun’s radio 
and television operations, Baltimore, Md.; 
Haraden Pratt (F’37) of Mackay Radio, 
New York, N. Y.; and David B. Smith (A ’35) 
of Philco Corporation, Philadelphia, Pa. 
Lawrence G. Cumming, IRE _ technical 
secretary, is nonmember secretary of the 
committee. 

One of the first tasks of the committee is to 
gather authoritative information on the 
availability of equipment and propagation 
characteristics in the ultrahigh frequencies in 
preparation for a television hearing (docket 
8976) called by the FCC to start September 
20, 1948. The issues to be considered are as 
follows: 


1. To obtain full information concerning interference 
to the reception of television stations operating on 
channels 2 through 13 resulting from adjacent channel 
operation of other services, from harmonic radiations, 
and from man-made noise. 


2. To receive such additional data as may be available 
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since the close of previous hearings (dockets 6651 and 
7896) concerning the propagation characteristics of the 
band 475 to 890 megacycles. 


3. To obtain full information concerning the state of 
development of transmitting and receiving equipment 
for either monochrome or color television broadcasting, 
or both, capable of operating in the band 475 to 890 
megacycles. 


4. To obtain full information concerning any pro- 
posals for the utilization of the band 475 to 890 mega- 
cycles or any part thereof, for television broadcasting 
and the standards to be proposed therefor. 


At the request of JTAC, members of the 
commission staff have prepared the following 
list of detailed questions: 


1. What is the present state of development of equip- 
ment in the band 470 to 890 megacycles, in regard to 


(a). Transmitters, tubes, and. components? 
(6). Receivers and components? 


(c). Antennas, transmission lines, and related equip- 
ment for transmission and reception? 


2. How much experimental work has been undertaken 
in television systems in this band, with respect to field 
operation (transmitter hours operated, number and 
distribution of receivers, and propagation tests) and 
laboratory work (development of receivers, transmitters, 
and tubes)? 


3. What consideration has been given to the costs of 
television systems for this band, particularly to the 
reduction of receiver costs, and the transfer of cost 
burdens to the transmitter? 


4. What areas of service might be expected in this 
band, based on the following assumptions: 


(a). A particular system, using one of the following 
typical bandwidths: 6 megacycles, 13 megacycles, 
20 megacycles. 


(4). Radiated power, available now and expected to 
be available, say, ten years in the future. 


(c). Receiver sensitivity. 
(d). At each of the following typical frequencies: 475 
megacycles, 600 megacycles, and 890 megacycles. 


5. What cochannel and adjacent-channel separations 
would be appropriate under the assumptions made in 
item 4? 


6. How many channels would be available in the band 
475-890 megacycles on the assumptions of item 4, and 
how might they be allocated among the 140 metropolitan 
districts of the United States? 


To assist the committee in obtaining the 
widest possible contact with sources of infor- 
mation in the industry, any information 
related to these questions should be com- 
municated directly to the secretary of the 


Joint Technical Advisory Committee, L. G. 


Cumming, Institute of Radio Engineers, 1 
East 79 Street, New York 21, New York. 


Synthetic Mica Developed With 
Natural Mica Characteristics 


A synthetic mica has been produced for 
the first time with the desirable characteris- 
tics of natural mica, strategic stockpile ma- 
terial used in electronic equipment. The 
synthetic material is being produced on a 
pilot-plant scale under a co-ordinated re- 
search program sponsored by the Office of 
Naval Research, the Army Signal Corps, and 
the Navy Bureau of Ships. 

Production of synthetic mica on a com- 
mercial scale will make the United States 
independent of foreign sources for the strate- 
gic mineral that is used widely in Army and 
Navy communication and electric equip- 
ment. Although natural mica is found in 
several parts of this country and despite a 
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government subsidy of $6 a pound, only 15 
per cent of the amount needed in the critical 
war years of 1943 and 1944 was produced 
here. The government has considered the 
mica supply sufficiently acute to designate 
needed grades of the mineral as class A stra- 
tegic materials under the recently enacted 
Stockpiling Act. 7 

Known as fluorine-phlogopite mica, the 
synthetic form now being produced has the 
desirable characteristics of natural mica, 
including perfect cleavage into thin sheets, 
good electrical and mechanical properties, 
and chemical stablity. It is expected to re- 
place the muscovite and phlogopite forms of 
natural mica, silicate minerals which the 
United States has imported in large quanti- 
ties for use as insulation in electric machinery 
and as a dielectric in electronic circuits. 

Also inherent in the new mica synthesis 
process is the possibility that further re- 
search may reveal ways of directly fabricat- 
ing mica components, which would elimi- 
nate the time consuming and laborious tasks of 
sorting, grading, splitting, and trimming 
natural mica. 

Government-sponsored research on mica 

synthesis was initiated under a Signal Corps 
contract at the Colorado School of Mines on 
June 15, 1946. The Interior Department’s 
Bureau of Mines Electrotechnical Labora- 
tory, at Norris, Tenn., began synthetic mica 
pilot-plant work on September 1, 1947, under 
an Office of Naval Research contract. The 
contract was negotiated at the request of the 
Bureau of Ships, which stimulated the 
development of synthetic mica for the Navy. 
Funds are supplied by the Navy and the 
Army Signal Corps. The program is being 
co-ordinated by a committee consisting of 
two Navy and two Army Signal Corps mem- 
bers. 
’ To carry the program forward, the Office 
of Naval Research has assembled some of the 
most experienced engineers and scientists 
available in the field of mica synthesis. The 
Owens-Corning-Fiberglas Corporation has 
been retained under a consulting contract, 
which makes available all of the data and 
patents acquired by that company and the 
Corning Glass Works in two years of inves- 
tigation of mica synthesis, during 1945-46. 

Because of the widespread interest in use 
of mica among the electrical fabricators of 
the country, the Office of Naval Research is 
developing a procedure for prompt and wide 
dissemination of the results of the develop- 
ment work at the Bureau of Mines Electro- 
technical Laboratory to the electrical, elec- 
tronics, and other industries interested in 
using synthetic mica. Organizations inter- 
ested in the possible application of flourine- 
phlogopite mica are invited to write the Office 
of Naval Research, Department of the Navy, 
for further details. 


Atomic Research Given 
High Priority in Britain 


Atomic research has been given priority 
over any other national project in Great 
Britain according to Sir John D. Cockcroft, 
director of the Harwell research plant in 
England. On July 20, 1948, the British 
government for the first time permitted re- 
porters of all nations to visit the Harwell 
atomic research plant. 

Sir John refused to discuss Great Britain’s 
capacity to produce the atomic bomb, how- 
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ever, in referring to the industrial applica- 
tions of nuclear power, he said: : 


No serious person working in the field believes that 
nuclear energy will make any contribution to world 
power during the next decade. It is probable, however, 
that a number of pilot plants will be built to allow all 
these problems to be investigated and solved. That is 
one of the jobs of Harwell. ; 


Harwell, a permanent Royal Air Force 
field during the war, was taken over by the 
officially titled Ministry of Supply Atomic 
Energy Research Establishment in April 
1946. ‘The core of current research now tak- 
ing place is contained in four permanent 
hangars which have been converted into ma- 
chine and work shops and which house the 
plant’s two piles, ‘‘Gleep” (graphite low- 
energy experimental pile) designed to de- 
velop about 100 kw of heat, and “Bepo” 
(British experimental pile), designed to 
develop about 6,000 kw of heat in its uranium 
metal bars. The cyclotron under construc- 
tion will consist of a 700-ton magnet, with 
poles 110 inches in diameter. Although 
smaller than the cyclotron in use at the 
University of California, it will be, when 
completed, the largest of four in operation in 
Britain. 


Materials Work Emphasized 
at ASTM Annual Meeting 


With more than 135 technical papers and 
reports of the Society’s committees, some 360 
committee meetings, and an extensive ex- 
hibit of testing and research apparatus and 
laboratory equipment, the 51st annual meet- 
ing of the American Society for Testing Ma- 
terials again emphasized the importance of 
work in materials. 

As a result of recommendations by the 
society’s committees which are responsible 
for initiating and carrying through work on 
specifications and tests for materials, there 
were 52 new tentative specifications and 
tests approved and about 70 existing tenta- 
tives are to be adopted as standard subject to 
society letter ballot during the summer. 

Total registration for the week was some- 
thing over 1,775, compared with the figures of 
1,835 for the 1946 meeting in Buffalo, and 
1,786 for the annual meeting in Atlantic City 
in 1947, a year ago. 

An audience of 250 attended the round- 
table discussion on ultra-sonic testing in 
which leading authorities participated. 
There were two prepared discussions giving 
fundamental background, and a number of 
others who use these interesting methods of 
determining the soundness of metal covered 
the practical applications. Also of interest 
to the metallurgist was the symposium on 
metallography in color with latest develop- 
ments covered in several papers. It is hoped 
these will be published later in the year. 

The symposium on magnetic testing in two 
sessions with nine papers brought up to date 
the art and science in this field. The sym- 
posium described some of the problems 
encountered and the methods that are used 
to overcome them. Other symposiums and 
sessions of specific interest in the field of 
metals covered the deformation of metals as 
related to forming and service, and effect of 
temperature of the properties of metals. 

The Charles B. Dudley Medal, named after 
the society’s first president, and awarded to 
the author or authors of a paper in the field 
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of research, was presented to N. L. Mochel, 
Westinghouse Electric Corporation, andP.R. 
Toolin, Westinghouse Research Labora- 
tories, for their paper presented in 1947 on 
‘‘The High-Temperature Fatigue Strength 
of Several Gas Turbine Alloys.” The 
Richard L. Templin Award, interested in 
stimulating the development of test methods 
and apparatus, was given to G. S. Burr, 
W. J. Gailus, J. O. Silvey (A 40), S. Yurenka, 
and A. G. H. Dietz, Massachusetts Institute 
of Technology, for their 1947 paper covering 
“Universal Plastics Testing Machine.” ‘The 
Sanford E. Thompson Award going to an 
author of a paper of outstanding merit in the 
field of concrete and concrete aggregates was 
awarded to W. C. Hanna, California Port- 
land Cement Company, for his 1947 paper on 
‘‘Unfavorable Chemical Reactions of Ag- 
gregates in Concrete and a Suggested Cor- 
rective.” 

The society’s Marburg Lecture, which 
commemorates the name of the society’s first 
secretary and recognizes his pioneering work 
in stimulating the presentation and discussion 
of papers and reports in the field of materials, 
was delivered by Doctor P. C. Aebersold, 
Atomic Energy Commission. He covered 
‘Isotopes and Their Application in the Field 
of Industrial Materials,’ and stressed the 
tremendous possibilities of these new ma- 
terials which are now available for science 
and industry to use in a wide variety of 
applications. 

Three engineering leaders, long-time and 
active members of the society, were awarded 
honorary memberships. They areas follows: 
Harvey L. Curtis (F 26) formerly principal 
physicist with the National Bureau of Stand- 
ards, now retired; Frank H. Jackson, Pub- 
lic Roads Administration, Washington, D. C.; 
and William B. Price, formerly with the 
Scoville Manufacturing Company, Water- 
bury, Conn., retired late in 1947. 


National Instrument Conference 


Scheduled for Philadelphia 


A tentative program has been released for 
the National Instrument Conference which 
will be held September 13-17, 1948, at Con- 
vention Hall, in Philadelphia, Pa. The 
conference is sponsored by The Instrument 
Society of America, which this year is being 
joined by the AIEE, the American Institute 
of Physics, and the American Society of 
Mechanical Engineers. 

Two AIEE sessions are being planned for 
inclusion in the 5-day program. On Thurs- 
day, September 16, at 2 : 30 p.m., an AIEE 
session on electronic instruments will be held 
under the chairmanship of R. Feldt (M ’46) 
of the Allen B. DuMont Laboratories, Inc., 
Passaic, N. J. Papers presented at this ses- 
sion will include: 


“Fail-Safe Operation of Electronic Circuits,’ G. D. 
Hanchett, Radio Corporation of America Manufac- 
turing Company, Camden, N. J. 


‘““Gathode-Ray Oscillograph Developments for Labora- 
tory and Production Use,” C. Berkley, Allen B. DuMont 
Laboratories, Inc., Passaic, N. J. 


“Oil Film Thickness Indicator for Journal Bearings,” 
M. L. Greenough, National Bureau of Standards, 
Washington, D. C. 


W. R. Clark (M’44) Leeds and Northrup 
Company, Philadelphia, Pa., will preside at 
an AIEE session on electronic instruments 
scheduled for Friday, September 17, at 2 : 30 
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p.m. Mr. Clark is chairman of the AIEE 
joint subcommittee on electronic instruments. 
The following papers will be presented at 
this session: 


“Resumé of AIEE Conference on Electron Tubes for 
Instrumentation and Industrial Use Held in Philadel- 
phia, March 29 and 30,” Chairman W. R. Clark 

“A Study of Slide Wire Contact Resistances,” W. E, 
Belcher, Jr., Brown Instrument Company, Philadelphia, 
Pa. 


“Development of Self-Balancing Recorders,” A. J. 
Williams, Jr. (M°45) Leeds and Northrup Company, 
Philadelphia, Pa. 


‘“<Salinity-Temperature-Depth Recorder,” A. W. Jacob- 
son (A’41) Bristol Company, Waterbury, Conn. 


The technical sessions planned for the third 
National Instrument Conference promise to 
be among the finest ever arranged. Promi- 
nent authorities in many fields are co- 
operating to make this part of the conference 
worth the time of anyone interested in instru- 
mentation. 


Surface Reactions Conference 
Held in Pittsburgh, Pa. 


The Pittsburgh International Conference 
on Surface Reactions was held at the Webster 
Hall Hotel, Pittsburgh, Pa., June 7-11, 1948. 
Several informal conferences not scheduled 
were arranged, and the attendance at these 
conferences had as large an audience as the 
announced sessions. ‘Thirty-one papers, rep- 
resenting the present state of research work in 
surface reactions, were presented. 

Including the speakers the attendance was 
slightly more than 300, representing scientific 
and technical organizations interested in the 
field of surface reactions, including oxidation, 
corrosion, and the nature of protection. 

The papers presented have been repro- 
duced in a book of 236 pages, 8!/2 inches by 
11 inches bound in heavy paper cover and 
followed the general subjects: 


Theory of liquid phase reactions 

Theory of oxidation and surface reactions 
Preparation of surfaces 

New methods and results 


Fundamental mechanisms 
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Corrosion and its measurement. 


Some copies of the book are still available 
at $10 per copy. 


Electrical Developments Subject 
of Iron and Steel Exposition 


The advance program for the Iron and 
Steel Exposition and Convention indicates 
that three full half-day technical sessions will 
be devoted to the discussion of electrical 
advancements and developments which apply 
to the iron and steel producing industry. 

The opening session of the exposition, 
which will be held at Cleveland Public Audi- 
torium from September 28 through October 
1, 1948, will feature the following papers on 
electrical subjects: ‘“‘Air Conditioning of 
Crane Cabs,” R. D. Darrah, Dravo Corpora- 
tion, Pittsburgh, Pa.; “‘Some Results of Mer- 
cury Arc Rectifier Operations,’ Frank W. 
Cramer (M ’40) Carnegie-Illinois Steel Cor- 
poration, Pittsburgh; ‘Developments in 
Electrical Cables for the Steel Industry,” 
E. W. Davis (F ’34) Simplex Wire Company, 
Cambridge, Mass. 
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On Wednesday, September 29, the elec- 
trical session will include: ‘Electric Equip- 
ment for Rolling Cold Strip at 70 miles Per 
Hour,” W. E. Miller (M’45) General Elec- 
tric Company, Schenectady, N. Y.; ““Review 
of Runout Table Drives,” I. N. Tull, Repub- 
lic Steel Corporation, Cleveland; “Im- 
proved Flying Shear Drives,” J. Raymond 
Erbe, Westinghouse Electric Corporation, 
Pittsburgh. 

The third electrical session is the morning 
of September 30, featuring papers on: 
‘‘Magnatorque A-C Crane Control,” F. W. 
Wendelburg and F. M. Blum, Harnischfeger 
Corporation, Milwaukee, Wis.; ‘‘A Net- 
work System for Dynamic Lowering Hoist 
Control,” D. L. Pettit, Square D Company, 
Milwaukee; ‘Designing the Proper Equip- 
ment for Extracting Ingots from their Molds,” 
H. W. Ball, Morgan Engineering Company, 
Alliance, Ohio. 


EE Article Reprinted 
in Egyptian Magazine 


That articles appearing in ELECTRICAL 
ENGINEERING reach a wide audience is 
indicated by a publication recently received 
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from Saad L. Mikhail (A’00). It is the 
December 1947 issue of the Engineers Maga- 
zine, a monthly publication published in 
Cairo, Egypt, in Arabic, by a Mr. Ibrahim 
A. Osman, lecturer in the faculty of engi- 
neering, Fouad 1 University, Cairo, Egypt. 

The issue contains a reprint of ‘‘Sugges- 
tions on Seeking Employment’”’ by Professor 
Charles F. Dalziel, which appeared in 
ELECTRICAL ENGINEERING some time 
ago (HE May ’39, pp 202-5). The transla- 
tion was done by Mr. Mikhail who is demon- 
strator of electrical engineering, Farouk 1 
University, Alexandria, Egypt. Shown here 
is a reproduction of the leading part of the 
article as it appeared in the Engineers 
Magazine. 


35th Annual Convention 
Held by Electroplaters 


The 35th annual convention of the Ameri- 
can Electroplaters’ Society was held in 
Atlantic City, N. J., June 28—July 1, 1948. 
Attracting more than 1,200 registrants, the 
convention used the Ambassador Hotel for its 
headquarters and the ballroom of Convention 
Hall for its technical sessions and business 
meetings. Sponsored concurrently by the 
society, the Industrial Finishing Exposition 
was held on the main floor of Convention 
Hall. The Newark Branch of the American 
Electroplaters’ Society was host for the entire 
convention, which was under the general 
chairmanship of Horace H. Smith. 

Papers read at the technical sessions 
covered the scientific, engineering, and 
economic aspects of electroplating and 
metal finishing. Presented by a series of 
well-known authors the 20 papers were well 
received by the assembly and discussed 
enthusiastically. The entire proceedings off 
the technical sessions including the discus- 
sions will be made available as a bound 
volume by the society some time after Octo- 
ber. 

Society honors were received by several 
authors. The Herminie Dorothea Proctor 
Award of $100 was awarded to Doctor 
Abner Brenner and Seymour Senderoff of the 
National Bureau of Standards for their 
paper, ‘“The Helical Contractometer, a New 
Instrument for the Measurement of Stress in 
Electrodeposits.”” R. H. Cahan and C. E. 
McKinnon of E, I. duPont deNemours and 
Company were given the Founders Gold 
Medal for their paper, ““Diaphragm Tanks 
to Eliminate Roughness in Copper Plating.” 

Awards also were given to authors of 
articles appearing in the Society journal 
Plating during 1947-48. The  Society’s 
Award of $50 went to C. F. Nixon of Fisher 
Body—Ternstedt Division, General Motors 
Corporation and Doctor R. GC. Olsen of 
Pacific Lutheran College for their article, 
“Notes on Nickel and Chromium Plating,” 
and the A.E.S. Gold Medal to E. J. Roehl of 
Thomas Steel Company for his article, 
““Mechanical Properties of Nickel Deposits.” 


A. F. Davis Welding Awards. The Ameri- 
can Welding Society presented the cash 
prizes totalling $700 in the 1948 A. F. Davis 
Undergraduate Welding Award program 
during ceremonies on June 3, 1948 at Ohio 
State University, Columbus, Ohio, and at the 
a Polytechnic Institute, Terre Haute, 
nd, 

Robert Baysinger, a junior in welding 
engineering at Ohio State University, re- 
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ceived the first prize of $200 for his paper 
entitled, ““A Brief Review of Failures in 
Welded Vessels,” and the Ohio State Engineer, 
magazine in which the winning article was 
published, received a similar award of $200. 
Mark J. Orelup, a junior in electrical engi- 
neering at Rose Polytechnic Institute, waspre- 
sented the second prize award of $150 for 
“Spot Welding of Carbon Steels.” The 
article appeared in the November 1947 issue 
ofthe Rose Technic, which also received a $150 
award. 


New IES Officers Announced. The Illumi- 
nating Engineering Society has elected Lee 
E. Tayler of the Detroit Edison Company, 
Detroit, Mich., as president of the society for 
a term of one year, according to a recent 
announcement. He will take office during 
the IES National Technical Conference to be 
held in Boston, Mass., September 20-24, 1948. 
Other officers elected to serve with Mr. 
Tayler are: A. H. Manwaring (M’46) 
Philadelphia Electrical and Manufacturing 
Company, Philadelphia, Pa., general secretary; 
E. M. Strong (M’40) Cornell University, 
Ithaca, N. Y., ¢reasurer; Walter Sturrock, 
General Electric Company, Cleveland, Ohio, 
vice-president; Myrtle Fahsbender, Westing- 
house Electric Corporation, Bloomfield, 
N. J., director; Hoyt Steele (A’44) Benjamin 


Electric Manufacturing Company, Des 
Plaines, IIl., director. 
ASTM Announces New Officers. Richard 


L. Templin, assistant director of research and 
chief engineer of tests, Aluminum Company 
of American, New Kensington, Pa., has been 
elected president of the American Society for 
Testing Materials for aterm ofone year. He 
has been a member of ASTM since 1917. 
L. J. Markwardt, assistant director, United 
States Forest Products Laboratory, Madison, 
Wis., was elected vice-president. Also elected 
were the following members of the board 
of directors: Leslie C. Beard, Jr., chemist and 
assistant director of laboratories, Socony- 
Vacuum Oil Company, Inc., New York, 
N. Y.; Simon Collier, director of quality, 
Johns-Manville Corporation, New York, 
N. Y.; Theodore P. Dresser, Jr., chief en- 
gineer, Abbot A. Hanks, Inc., San Francisco, 
Calif.; Howard K. Nason, associate director, 
central research department, Monsanto 
Chemical Company, Dayton, Ohio; and 
Edgar W. Fasig, general superintendent, 
Lowe Brothers Company, Dayton. 


Veterans Ask Technical Magazines. Ac- 
cording to the Engineers’ Society of Mil- 
waukee, men in the Veterans’ hospitals have 
expressed a sincere desire for magazines of a 
technical nature. They have considerable 
material of the so-called “popular” class, but 
little technical literature is available to them. 
ESM through its library committee, has 
made an appeal through the local press to all 
who could contribute journals of the various 
societies, covering engineering, economics, 
political science, physics, chemistry, factory 
management, and so forth, in fact any mate- 
rial of a scientific or technical classification. 
The response from this publicity was ex- 
tremely gratifying, and it has been suggested 
that this appeal should be made on a national 
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basis, in the hope that various technical 
societies, veterans’ organizations, and service 
clubs, would co-operate and conduct a local 
campaign of their own for the Veterans’ 
Hospital in their own vicinity. 


M. J. Kelly Named Chairman 
of New Navigation Committee 


Doctor M. J. Kelly (F ’31) executive vice- 
president of Bell Telephone Laboratories, 
Inc., New York, N. Y., has been named 
chairman of the newly constituted Committee 
on Navigation, according to a recent an- 
nouncement of Doctor Vannevar Bush (F ’24) 
chairman of the Research and Development 
Board, Washington, D. C. 

The new committee was formed after a 6- 
month study by the Research and Develop- 
ment Board of over-all problems related to 
land, marine, and air navigation. The com- 
mittee will have cognizance of research and 
development aspects of devices, systems, and 
techniques applicable to problems of land, 
marine, and air navigation and traffic con- 
trol. The new group will work closely with 
the Air Navigation Development Board, 
recently established jointly by the Secre- 
taries of Defense and Commerce, also in 
implementation of the board’s study, to pro- 
ceed with developing a single basic system of 
air navigation and traffic control that will 
meet the needs of both civilian and military 
users. 

Doctor 


Kelly, who had _ participated 


actively in the Research and Development 
Board’s 6-month study, has been with the 
Bell Telephone Laboratories since 1918. A- 
complete biographical sketch of the new 
chairman appears in this issue (page 976). 


ASEE Elects Officers. The election of 
Clement J. Freund, dean of the college of 
engineering at the University of Detroit, as 
president of the American Society for 
Engineering Education for the year 1948-49 
was announced at the annual convention of 
the society held at the University of Texas, 
Austin, Texas, June 18, 1948. The conven- 
tion was attended by 1,100 engineering 
educators and administrators of engineering 
colleges. Thorndike Saville, dean of the 
college of engineering at New York Univer- 
sity, was elected vice-president; F. M. Daw- 
son, dean of the college of engineering at the 
State University of lowa, was re-elected vice- 
president of the society and president of the 
Engineering College Research Council; 


James S. Thompson, vice-chairman of the 


board of directors of McGraw-Hill Book 
Company, was elected treasurer. 


Technical Group Names Egloff. Doctor 
Gustav Egloff, director of research, Universal 
Oil Products Company, has been re-elected 
president of the Chicago Technical Societies 
Council. Other officers for the 1948-1949 
term include: Doctor Clyde A. Crowley, 
executive vice-president; Lewis A. Bain, Robert 


Huge Casting for Turbine Generator 


Dwarfed by a huge casting at the General Electric Company’s Schenectady, N. Y. 

turbine plant, a workman fits easily inside a bearing housing as he inspects the casting’s 

machined surfaces. When this casting has been assembled as part of the completed 

turbine-generator set, the bearing will support one end of a whirling 42-ton turbine 

rotor. The set is the second of two 100,000-kw rated capacity turbine generators built 

at Schenectady for the Tidd Station of the Ohio Power Company, Brilliant, Ohio, of the 
American Gas and Electric Company’s central system 
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H. Bacon, Doctor Herman S. Bloch, and 
Paul S. Smith, vice-presidents; R. T. Van 
Niman, corresponding — secretary; William 
Kucinski, recording secretary; and Frederic 
E. Oakhill (M ’46) treasurer. New directors 
are: Doctor Johan A. Bjorksten, W. Fred 
Dolke, and Clarence M. Sieben. Incum- 
bent directors are: Kenneth H. Hobbie, 
John E. Ott, Jean O. Reinecke, and Doctor 
H. A. Wagner. 


Television Congressin Paris. With “‘The 
Relations Between Television and _ the 
Cinema”’ as its theme, a Congress on Tele- 
vision, organized by the Société des Radio- 
électriciens, will be held in Paris, France, 
October 25-30, 1948. A number of sessions 
also will be devoted to general problems con- 
cerning television such as tubes of emission 
and amplification with large strip bands, 
transmission of television on cable and by 
Hertzian relays, propagation, signals of 
synchronization, and problems of exploita- 
tion. In addition the program will include 
various technical inspection trips and demon- 
strations, as well as a sightseeing trip and a 
banquet on Thursday, October 28. 


OTS Issues Abstracts 
of Enemy-Owned US Patents 


A compilation of abstracts of 358 United 
States patents formerly owned by nationals of 
foreign countries and seized by the Depart- 
ment of Justice, Office of Alien Property, 
since November 1945, is now on sale by the 
Office of Technical Services, Department of 
Commerce. Most of the patents are avail- 
able for licensing to American firms by the 
Office of Alien Property on a royalty-free 
nonexclusive basis for the remaining life of 
the patents. The compilation is one of sev- 
eral groups of patents that will be issued from 
time to time in co-operation with the Office of 
Alien Property, and covers patents not in- 
cluded in the published abstracts distributed 
by that office. 

The abstracted patents in the compilation 
are Classified into broad groups such as 
chemicals and allied products; electric ma- 
chinery, equipment, and supplies; and 
metals and metal products. Refrigeration, 
automotive, aeronautics, textiles, paper-mak- 
ing, photography, food-processing, and 
electronics are among the fields covered, and 
specific items of interest include an electric 
motor starting device, a mercury-containing- 
storage battery, a compensating arrangement 
for television tubes, and a hydraulic trans- 
mission gear. 

Copies of the compilation (Report PB- 
888417, ‘List of Vested Patents Available from 
Office of Alien Property,” 85 pages) sell for 
14. Orders should be addressed to the Office 
of Technical Services, Department of Com- 
merce, Washington 25, D. C., accompanied 
by check or money order payable to the 
Treasurer of the United States. Copies of 
the patents may be examined in Room 1325, 
Commerce Building, Washington, D. C. 

A leaflet called “Index and Guide to 
Enemy Patents Vested in the Attorney Gen- 
eral as of January 1947,” which contains 
general information about the availability of 
enemy patents, is available free-of-charge 
from either OTS or the Alien Property Cus- 
todian. 
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All communications concerning the . 


licensing of enemy patents should be ad- 
dressed to the Office of Alien Property, De- 
partment of Justice, Washington 25, D. C. 
Copies of individual patents may be pur- 
chased only from the Commissioner of Pat- 
ents, United States Patent Office, Washing- 
ton 25, D. C., for 25¢ each. Orders must 
specify the serial number of each patent de- 
sired. 


IRE Fall Meeting. The 1948 Rochester 
fall meeting of members of the Institute of 
Radio Engineers and the Radio Manufac- 
turers Association engineering department 
will be held November 8, 9, and 10 at the 
Sheraton Hotel, Rochester, N. Y., according 
to a recent announcement. The meeting 
will be sponsored by the Rochester fall meet- 
ing committee and will mark the 20th anni- 
versary of the meeting. Officers of the com- 
mittee include H. J. K!umb (A 716) of the 
Rochester Gas and Electric Corporation and 
O. L. Angevine (M ’43) of the Rochester 
Engineering Society. 


Engineering Foundation 
to Sponsor 14 Projects 


Fourteen research projects will be spon- 
sored by the Engineering Foundation for the 
year beginning in October 1948. Grants 
have been recommended for the continuation 
of 12 of the past year’s 17 projects, and for the 
support of two new ones. 

The projects will be concerned with studies 
in such varied fields as hydraulics, metal cut- 
ting, alloys of iron, properties of gases and gas 
mixtures, riveted and bolted structural 
joints, reinforced concrete, welding, and 
properties of metals at different temperatures. 

In selecting projects to be supported, pref- 
erence was given to those of the most funda- 
mental nature which would not be under- 
taken by an industrial research organization. 
Where projects are of interest to a group of 
industries, the foundation provides a limited 
financial support and sponsorship intended 
to enable the principal support of the project 
to be secured from interested industries and 
other sources. 

Research is carried on in a number of 
universities and some engineering plants in 
co-operation with the foundation’s engineer- 
ing founder societies: the American Society 
of Civil Engineers, the American Institute of 
Mining and Metallurgical Engineers, The 
American Society of Mechanical Engineers, 
and the AIEE. 


EJC Offers Truman Aid 
in Science Appointments 


Anticipating enactment of the legislation 
to establish a National Science Foundation, 
Engineers Joint Council has presented to 
President ‘Truman a list of eminent engineers 
from which appointments to the membership 
of the foundation might be made. It is sug- 
gested in the national science legislation that 
the President obtain the advice of scientific 
and educational institutions when making 
appointments. 

As many more scientists engaged in re- 
search are drawn from the field of engineer- 
ing than from any other branch, EJC pointed 
out that it is appropriate that engineering be 
represented substantially on the foundation. 

Looking forward to the time when appoint- 
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ments will be made, the constituent societies 
of Engineers Joint Council, as well as the 
American Society for Engineering Educa- 
tion, prepared lists of prominent engineers 
deemed to be qualified for service. These 
lists were placed before the EJC committee 
on science legislation which chose 23 as being 
the most appropriate candidates. Inaddition 
to those specifically representing the several 
societies, five of the men included were se- 
lected as engineers eminent in public affairs. 

On June 4, a delegation of six headed by 
Doctor Boris A. Bakhmeteff of the American 
Society of Civil Engineers met with Doctor 
John R. Steelman, advisor to President 
Truman, at the White House, presented the 
list of candidates, and discussed reasons why 
engineering should be well represented on the 
foundation. The group met with a cordial 
reception and assurance was received that 
full consideration will be given to the en- 
gineers’ recommendations. 


Electric Equipment Committee 
Accorded NSC Sectional Status 


The electric equipment committee of the 
National Safety Council, formed last October, 
has been accorded full sectional status as one 
of the 24 industrial sections of the council, 
according to a recent announcement. 

The action was taken at a recent meeting 
of the council’s board of directors upon 
recommendation of the industrial conference 
representing all sections. The glass and cer- 
amics committee and the printing and pub- 
lishing committee also became sections in the 
official move, 33 years after the first council 
sections were formed in 1915. 

Sectional status for the industry will permit 
development of posters, films, and technica] 
publications geared to the special needs of 
the industry. Emphasis will be placed on 
the problems of women in industry, high-fre- 
quency hazards, electrical testing, soldering, 
and other occupational disease hazards 
including X ray, radar, television, and fre- 
quency modulation. 

Technical projects already begun include a 
study of the hazards of beryllium, cathode- 
ray tubes, and electric welding. An engineer- 
ing committee has been formed to guide 
this work, and two sessions are planned by 
the section at this year’s National Safety Con- 
gress and Exposition, to be held October 18- 
22 in Chicago, IIl. 


Quality Control Society Elects. According 
to a recent announcement, the American 
Society for Quality Control has elected Ralph 
E. Wareham of New York, N. Y., as presi- 
dent for a one-year term. Mr. Wareham is 
vice-president and a director of National 
Photocolor Corporation of New York. 
George D. Edwards (M ’26) of the Bell Tele- 
phone System, New York, N. Y., is retiring 
president of the Society. Other officers 
elected were: Vice-president—W.  R. 
Weaver, Republic Steel Corporation, Cleve- 
land, Ohio; executive secretary —S. 
Collier, Johns Manville Corporation, New 
York, N. Y.; treasurer—A. L. Davis, 
Rochester Institute of Technology, Roches- 
TereN we 


Armstrong Medal to Ballantine. In ac- 
cordance with the Radio Club of America’s 
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announcement last December of the post- 
humous award of the Armstrong Medal to the 
late Stuart Ballantine, the medal recently was 
presented to Mrs. Stuart Ballantine by Major 
Edwin H. Armstrong. Mr. Ballantine, a 
pioneer in radio, developed the loop com- 
pass and radio direction finder during World 
War I and, later, the principle of negative 
feedback and of automatic volume control. 
He also was responsible for developing the 
theory of the vertical antenna and its low 
angle radiation, as well as much important 
work in acoustics. The citation accompany- 
ing the medal reads: ‘‘The Armstrong Medal 
of the Radio Club of America is awarded to 
Charles Stuart Ballantine for outstanding 
contributions to the art.” 


Iowa State Honors Graduates. At its 77th 
annual commencement in June, the Iowa 
State College of Agriculture and Mechanic 
Arts, Ames, Iowa, conferred special honors 
upon two of its distinguished graduates and 
eminent engineers. The degree of doctor of 
engineering, honoris causa, was granted to 
Anson Marston, dean emeritus of the divi- 
sion of engineering. The Marston Medal, 
established in 1938 through the inspiration 
and generosity of Dean Marston, was 
awarded to Roy W. Crum, an engineering 
alumus of the Iowa State College, in recogni- 
tion of outstanding achievement in engineer- 
ing. 


REA Expansion Creates 
Vacancies for Engineers 


Because of the great expansion authorized 
by the Congress in the Rural Electrification 
Administration program, the agency is 
experiencing difficulty in recruiting qualified 
engineers to meet its needs. 

Currently, the REA is trying to fill vacan- 
cies with starting salaries of $3,727, $4,479, 
and $5,232. Basic requirement is a degree 
in electrical engineering (or its equivalent in 
practical experience) plus at least a year of 
work in the field of electricity, half of which 
must be in connection with distribution. 
The higher grades require additional years of 
experience. Most of the positions are in the 
field, involving almost continuous travel 
within a state. Travellers are allowed five 
cents a mile for use of personal automobiles 
and 16 a day for subsistance. As vacancies 
occur in the future in higher-salaried posi- 
tions, it will be the general policy to fill them 
by promotion from within the organization. 

Inquiries should be addressed to John 
W. Asher, Jr., Chief, Personnel Division, 
Rural Electrification Administration, United 
States Department of Agriculture, Washing- 
tom25, DL: Ci. 


Commonwealth Edison Companies 
Invest in Atomic Research 


Interest in the development of atomic 
energy has led the Commonwealth Edison 
group of companies to invest $100,000 in the 
University of Chicago’s Institute for Nuclear 
Studies. The Utilities Research Commis- 
sion, representing the Edison group, has be- 
come a member of the institute. The com- 
mission is the research agency for the Com- 
monwealth Edison Company, Public Service 
Company of Northern [Illinois, Western 
United Gas and Electric Company, and 
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Illinois Northern Utilities Company. It 
represents the 12th organization to support 
the three institutes at the university now 
conducting a $12,000,000 program of atomic 
and metal research. 

As a member of the institute the commis- 
sion will be able to keep abreast of atomic 
developments through association with out- 
standing scientists at the university. In 
addition, engineers from the commission will 
join those from other sponsoring organiza- 
tions at quarterly meetings at the university. 

Other industries participating in the work 
of the university’s Institute for Nuclear 
Studies, Institute of Metals, and Institute of 
Radiobiology and Bipohysics include: 

The United States Steel Corporation, Sun 
Oil Company, Shell Oil Company, Inland 
Steel Company, Standard Oil Company of 
Indiana, Aluminum Company of America, 
Westinghouse Electric Corporation, Pitts- 
burgh Plate Glass Company, Standard Oil 
Development Company of New Jersey, 
Celanese Corporation of America, and the 
Beech-Nut Packing Company. 


RMA Standards Keep Pace 
with Technical Developments 


With the aim of keeping abreast of war- 
time and more recent technical developments 
in the radio and electronics industry, the 
Radio Manufacturing Association engineer- 
ing department has issued 21 recommended 
engineering standards during the past year 
and has two score more in progress. 

A total of 174 committees, comprising 
hundreds of the industry’s foremost engineers, 
are engaged in the gigantic study. More 
than 200 meetings were held during the past 
fiscal year and 379 reports were published 
and distributed to RMA members. Doctor 
A. R. G. Baker, (M’41) vice-president of 
General Electric Co. in charge of the elec- 
tronics department at Syracuse, N. Y., is 
director of the RMA engineering depart- 
ment. 

While many of the RMA standards issued 
and under consideration have to do with 
component parts, rather than the completed 
equipment, their voluntary adoption by the 
radio industry has expedited the adaptation 
of technical developments to commercial 
use with resulting benefits to the public. 

Most of the 21 standards issued during the 
past year were new but a few were revisions of 
prewar standards. Four of them were sub- 
sequently reprinted as joint standards of 
RMA and the National Electrical Manufac- 
turers Association as they were developed by 
the Joint Electronic Tube Engineering Coun- 
cil. 

The RMA engineering department also 
carried on extensive tube type designations 
and registrations for the radio industry during 
the year. A total of 154 tube type designa- 
tions were registered, and 197 were reserved. 

Following is the complete list of the 21 
recommended standards published during 
the year: 


Disk Home Recording 

Color Coding 

Intermediate Frequencies 

Line for Television 


Antenna-to-Set Transmission 


Receivers 


Chassis Pickup of Vehicular Receivers 
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Tube-Type Designations 

Class A Variable Air Capacitors 

Ceramic Dielectric Capacitors 

Dry-Type Power Transformers for Radio Transmitters 


Transmission Lines for Frequency Modulation Broadcast 
Transmitters (88-108 megacycles per second) 


Drive Pulleys 
Recommended Standard for Export Receivers 
Measurement of Direct Interelectrode Capacitances 


Electrical Performance Standards for Television Broad- 
cast Transmitters Channels 1-13 (44 megacycles—216 
megacycles) 


Amplifiers 


Electrical Performance Standards for Standard Broad- 
cast Transmitters 


Audio Facilites for Radiobroadcasting Systems 


Dimensional Characteristics of Gaskets for Water-Cooled 
Transmitting Tubes 


Designation System for Receiving Tubes 


Vibrating Interrupters and Rectifiers for Auto-Fre- 
quency 115 Cycles 


455-Ke Intermediate Frequency Transformer 


Western Society Elects Officers. Verne 
O. McClurg, partner in the Chicago archi- 


Future Meetings of Other Societies 


American Chemical Society. Fifth National Chemica! 
Exposition and National Industrial Chemical Confer- 
ence, October 12-16, 1948, Chicago, Ill. 


American Oil Chemist’s Society. Fall meeting, No- 
vember 15-17, 1948, Pennsylvania Hotel, New York, 
No Ye 


American Radio Relay League (ARRL) Convention. 
September 4-6, 1948, Milwaukee Auditorium, Méil- 
waukee, Wis. 


American Society of Civil Engineers. 
October 13-15, 1948, Boston, Mass. 


Fall meeting, 


American Society of Refrigerating Engineers. 44th 
annual meeting, December 5-8, 1948, Washington, 
D. C. 


Association of Iron and Steel Engineers. Iron and 


Steel Exposition, September 28-October 1, 1948, 
Cleveland, Ohio. 
Conference on Research Administration, September 


13-15, 1948, Pennsylvania State College, State College, 
Pa. 


FM Association. Annual convention, October 11-12, 
1948, Sheraton Hotel, Chicago, Ill. 


Illuminating Engineering Society. National technical 
conference, September 20-24, 1948, Boston, Mass. 


Institute of Radio Engineers. Pacific Coast con- 
vention, September 30—October 2, 1948, Los Angeles, 
Calif. 


Instrument Society of America. Third instrument 
conference and exhibit, September 13-17, 1948, Phila- 
delphia, Pa. : 


National Electrical Manufacturers Association. No- 


vember 8-13, 1948, Atlantic City, N. J. 


National Electronics Conference. November 4-6, 
1948, Edgewater Beach Hotel, Chicago, Ill. 


National Exposition of Power and Mechanical Engi- 
neering. November 29-December 4, 1948, Grand 
Central Palace, New York, N. Y. 


National Plastic Exposition. September 27—October 2, 
1948, Grand Central Palace, New York, N. Y. 


National Research Council’s Conference on Electrical 
Insulation. October 27-29, 1948, at the National 
Bureau of Standards, Washington, D. C. 


National Television and Electrical Living Show. 
September 18-26, 1948, Chicago Coliseum, Chicago, Il. 
Porcelain Enamel Institute. Tenth annual forum, 
October 13-15, 1948, Urbana, IIl. 


Training Conference on Industrial Experimentation. 
September 14-18, 1948, Columbia University School of 
Engineering, New York, N. Y. 


———— Eel 
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tectural and engineering firm of Mundie, 
Jensen and McClurg, has been installed as 
president of the Western Society of Engineers 
succeeding William V. Kahler (F ’46) vice- 
president of the Illinois Bell Telephone Com- 
pany. Other officers are Gustav Egloff, re- 
search director of the Universal Oil Products 
Company, first vice-president; H. P. Sed- 
wick (M32) vice-president of the Public 
Service Company of Northern Illinois, second 
vice-president; M. P. Vore, Jr., secretary 
and treasurer of the Republic Flow Meters 
Company, treasurer. Newly-elected trustees 
are Wilfred Sykes (F ’14) president of Inland 
Steel Company, and Fred T. Whiting (M ”44) 
vice-president of Westinghouse Electric Cor- 
poration. 


James M. Todd of New Orleans 
Nominated as ASME President 


James M. Todd (F ’45) New Orelans, La., 
consulting engineer, has been nominated as 
the next president of The American Society of 
Mechanical Engineers. His name heads a 
slate of new officers, including several re- 
gional vice-presidents and directors-at-large, 
submitted by the nominating committee. 
Nomination is tantamount to election since 
only one name is presented for each office. 

Formal election will take place in the fall 
by letter ballot of the membership, which 
totals more than 25,000 engineers through- 
out the United States. The 1948-49 term 
will begin at the end of the annual meeting 
next December. 

Mr. Todd, who will succeed E. G. Bailey of 
New York as president of the engineering 
society, is in private practice as a consulting 
mechanical and electrical engineer in New 
Orleans. Born in Franklin, La., in 1896, he 
was graduated from Tulane University, New 
Orleans, in 1918 with the degree of bachelor 
of engineering, and in 1930 received the de- 
gree of mechanical engineer. 


LETTERS TO 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


What of Air Safety? 
To the Editor: 


The article by Robin Beach, entitled 
“What of Air Safety?” (EE, May ’48, pp 
423-9) incorporates a number of statements 
and conclusions as well as an explanation 
for an Eastern Air Lines accident, which 
are hardly consistent with the facts. 

This nation’s scheduled air lines were 
never more concerned with achieving a 
100 per cent safety record than they are 
today. No compromise is being made in 
this respect. The entire industry is alert 
to every development that adds up to 
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Previously he held offices as manager and 
as vice-president of the ASME, and served on 
many of its important committees. He be- 
came a Fellow of the society in 1944. 


Lincoln Foundation Announces 
Recipients of Scholarships 


Awards of $1,000 to the University of 
Cincinnati, $500 to the University of Min- 
nesota, and $250 to Iowa State College were 
announced today by The James F. Lincoln 
Arc Welding Foundation. These awards are 
to be used for providing scholarships in each 
school. 

The awards represent top honors in the 
foundation’s Annual Engineering Under- 
graduate Award and Scholarship Program in 
which awards are given to engineering under- 
graduates for the preparation of papers on 
arc welding and its uses. The scholarship 
funds are awarded to the schools in which 
the authors of the three best papers were 
registered and duplicate similar cash awards 
to each author. Papers were submitted by 
students from 46 different engineering col- 
leges in all parts of the country. 

The paper, ‘“‘Standardized Welded Build- 
ing Structures for Railroads,” received the 
first award of $1,000 for Alan R. Cripe of the 
University of Cincinnati. The paper, ‘‘Arc 
Welded Design as Applied to a Combination 
Hay Buck-Stacker,” written by William 
David McCoy, undergraduate in the Univer- 
sity of Minnesota, received the second award 
of $500. The third main award went to 
William W. Robinson of Iowa State College 
as author of the paper, ‘‘ Vises Fabricated by 
Arc Welding Versus Cast Vises.” 

In addition to these, smaller awards total- 
ing $3,500 were made to 68 undergraduates 
representing 43 engineering colleges and 
universities. 


THE EDITOR 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations, 


increased safety—and this includes con- 
structive suggestion by such writers as Mr. 
Beach. 

Unfortunately, Mr. Beach’s statements in 
his listing of ‘‘outstanding hazards to safe 
flying” that “airplane engines still explode 
in mid-air” and that “baggage and _ tail 
compartments still catch fire or explode” 
indicate that he has failed to keep up with 
advances or is guilty of misusing the word 
“fexplode.” 

Funk and Wagnall’s “New Standard 
Dictionary” defines ‘explode?’ as: ‘To 
cause to burst in pieces by force from 
within; break suddenly and violently in 
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fragments with noise; also, to cause to 
expand or pass suddenly from a solid to a 
gaseous state.” : 

Airplane engines do not explode in mid- 
air, any more than do automobile power 
plants explode, and certainly not in accord- 
ance with the definition of ‘‘explode’’ as 
defined in the foregoing. Not for several 
years have we had any evidence of a baggage 
or tail compartment exploding or catching 
fire. 

Mr. Beach refers to the propellers tips on 
commercial airliners moving at speeds of 
400-700 miles per hour as approaching sonic 
value. Proper tip speeds only approach 
sonic values at maximum engine rpm during 
the very short take-off period. From then 
on, propeller operation proceeds at 0.6 
to 0.8 value of sonic speed. The operation 
of propellers with blade tip speed at or near 
sonic value creates a terrific high pitch noise 
which is almost unbearable. Furthermore, 
at such speed the propeller efficiency drops 
substantially and will not permit to obtain 
the high efficient values so commonly ob- 
tained with transport aircraft propellers. 

He also refers to ‘‘potential explosion 
hazards which are developed in the crank- 
cases of the engine.” I disagree entirely 
with this simply because aircraft engine 
crankcases are ventilated; there is entirely 
too much lubricating oil whirling around in 
the form of spray; and the air within the 
crankcase contains too much burned gases 
which leak through the piston rings during 
the explosion stroke. 

As for those bearing pittings which the 
writer calls “‘spark blemishes,” these are 
really due to overloads and high-frequency 
vibration. When such bearings are in- 
creased in size or their peripheral speed 
reduced, pitting often disappears. 

It is interesting to note that the spark 
pitting of the rear thrust bearing, cited by 
the writer, is admitted to be a subject not 
only theoretical but perhaps speculative. 
In fact, that might well have been the title 
of Mr. Beach’s article. 

Mr. Beach writes: ‘‘Thus the so-called 
‘mysterious’ explosions are accounted for 
which doubtlessly have been responsible for 
a number of airplane catastrophies.”? Such 
“‘mysterious explosions’ are mentioned only 
in the press and on the radio by inexperienced 
observers. No trained investigator ever 
would agree that an explosion ever occurs 
without a definite cause. 

“It is the exception,” observes Mr. Beach, 
‘““When an example of a crankcase explosion 
appears as obvious as the one which recently 
occurred on a ‘Constellation’ off the coast 
of Florida.” Beneath this statement ap- 
pears a close-up photo of the aircraft, 
captioned: ‘‘Another fortuitous ‘happy 
landing’—a ‘Constellation’ in Florida after 
a crankcase explosion blew off the propeller 
system.”’ 

I am particularly well acquainted with 
the facts behind this incident for the air- 
craft described and pictured was operated 
by Eastern Air Lines. This accident had 
absolutely nothing to do with an engine 
crankcase failure. The front nose section 
broke because of the excessive propeller 
unbalance due to the loss of a propeller 
blade tip, or a larger portion of such blade. 
Therefore, the damage which occurred to 
the engine was subsequent to the propeller 
failure and did not cause the accident. 
No engine can be designed to stand the 
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propeller unbalance caused by the loss of a 
blade tip at cruising rpm. 

Still referring to the Florida incident, the 
writer observes that ‘‘such crankcase explo- 
sions are a constant threat to safe flying .. . 
It is an interesting speculation that more 
catastrophies from this source have not 
occurred.” Let me repeat that in the case 
of the Florida incident, there was no crank- 
case explosion. 

Mr. Beach writes that “another strange 
and dangerous behavior of static electricity 
on high-speed commercial transports ex- 
hibits itself in melting holes in the aluminum 
airfoils near the wing and stabilizer tips.” 
The holes often found in the wing and tail 
surface trailing edges after an airplane has 
flown through an electrical disturbance 
have, to my knowledge, never caused an 
aircraft accident. 

As for his statement that “‘The failures 
and blowouts of tires when airplanes land 
also reap their harvests of crashes and holo- 
causts,” I cannot recall of any ‘‘holocausts”’ 
caused by this type of mechanical difficulty. 
On the other hand, there is ample proof to 
conclude that these failures are caused by the 
sudden spin-up loads caused when accele- 
rating the landing gear wheels from a static 
condition to a rotational speed corresponding 
to the contact speed of the tire in the runway. 

We are not adverse to criticism, as it is 
only by constructive criticism that the air 
transport industry has so rapidly progressed, 
but any criticism to be of value must be based 
on facts, not supposition or speculation. 


CHARLES FROESCH 
(Chief engineer, Eastern Air Lines, New York, N. Y.) 


To the Editor: 


Having received a widespread response of 
enthusiastic comments on the pioneer treatise 
covering the gamut of electrostatic hazards on 
aircraft in my recent article on ““What of Air 
Safety,” I also welcome the letter by Mr. 
Froesch, taking issue with my ‘“‘statements 
and conclusions,” as it affords me the privi- 
lege of amplifying certain parts of the article. 

Among some air line operators, as well as 
personnel of national air commands, there 
exists either a politic taboo against the use of 
the phrase “electrostatic fire and explosion 
hazards” or a shocking dearth of understand- 
ing on this vital subject. The public men- 
tion of the phrase apparently implies that its 
daring user is a condemned heretic. I enjoy 
this distinction as a reward for my contribu- 
tions to air safety. 

The situation is suggestive of the “dark 
ages” when, less than 500 years ago, he who 
disbelieved the earth to be flat was liable to be 
subjected to the pain of death. It took the 
courageous Columbus, backed by his ardent 
“believer” and his little pioneering fleet, to 
lift the “zero ceiling’? of understanding 
among his maritime contemporaries on this 
‘disk fallacy.” 

Before the ink scarcely had dried on this 
critical letter of Mr. Froesch in which he 
denounces my statement “‘baggage and tail 
compartments still catch on fire or explode,” 
the most tragic disaster in airplane history 
occurred in the Mt. Carmel area of Pennsly- 
vania on June 17 from a fire which started in 
the baggage compartment. 

Regarding “tire blowouts at landing,” Mr. 
Froesch would find upon inquiry that the 
tire manufacturers subject airplane tires to 
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repeated “‘sudden spin-up loads’’ simulating 
high-speed airplane landings in automati- 
cally-operated dynamometer laboratories un- 
til the rubber treads become practically worn 
out before tire blowouts occur. They 
“duplicate service failures in the laboratory 
and determine the general durability of the 
tire in regard to fatigue, impact loads, ex- 
treme shock load, and brake torque.” 
Means are provided for attaining tire acceler- 
ation to simulate landing speeds up to a 
maximum of 200 miles per hour and tire 
loading to as high as 40,000 pounds. 

Tattered tires in such worn condition be- 
fore they fail from these laboratory tests 
would not be tolerated, of course, in the 
operation of scheduled airplanes by the Civil 
Aeronautics Authority, air-safety committees, 
the public, or the air lines. However, when 
airplane tires, which appear practically new, 
fail at landing, as has happened much too 
often and thereby invite disastrous ground 
loops and consequential landing gear failures 
with their potential injuries and deaths, it is 
indisputable that premature and highly 
accelerated deterioration of the tires has 
occurred. 

For years until the condition was cured, the 
rapid deterioration and failure of practically 
new automobile tires was a major problem 
with the manufacturers, deterioration of the 
rubber occurring, as it did, from electrostatic 
ionization. ‘The resulting ozone and nitric 
acid formations caused by the ionization are 
notoriously destructive agents of rubber prod- 
ucts. The control of these subtle electro- 
chemical saboteurs in destroying airplane 
tires is strictly an operating responsibility and 
not one chargeable to the tire manufacturer. 
The condition readily can be eliminated as 
explained in my article. 

‘‘Spark craters” in bearings are relatively 
deep-melted spots identical in appearance 
under microscopic examination with arti- 
ficially created ones from capacitor dis- 
charges. Mr. Froesch claims such craters 
are caused by “‘overloads and high-frequency 
vibrations.’” To those who understand bear- 
ing problems, their causes, and their control, 
no detailed explanation is required to point 
out the error of his statement. ‘The over- 
heating of bearings, the seizure of bearings, 
and the disintegration of bearing surfaces, as 
well as the pitting of bearings, from electro- 
static sparks have been treated competently 
in the literature and, also, have been the sub- 
ject of numerous engineering meetings. 

The melted holes in wing and tail surfaces 
of high-speed transport airplanes which I re- 
ported in my article are by no means concen- 
trated on trailing edges. Some of them lie 
dangerously close to the gasoline tanks in the 
wings. But worst of all, explosive vapors 
inadvertently lurking in the enclosures of 
wing structures may be ignited by these 
prevalent electric sparks and cause damage to 
a wing and its control surfaces. Concerning 
the damage caused by such high-voltage 
sparking, Mr. Froesch could assure himself 
to advantage of this hazardous condition, 
before the explosion of one of his transport 
airplanes is required to convince him, by 
reading the number 12 series 1948 issue of the 
“Special. Aircraft Accident Bulletin’? pub- 
lished by the National Fire Protection As- 
sociation. 

Having conducted research, experimental, 
and industrial investigations for two decades 
or more on causes of fires and explosions from 
commercial solvents and liquid or gaseous 
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fuels during industrial operations which re- 
sulted from electrostatic and other forms of 
ignition, I can agree with first-hand knowl- 
edge to the Funk and Wagnall definition of 
‘explosion,’ as quoted by Mr. Froesch. 
With essentially every other statement in his 
letter, I disagree. 

His comments, disputing the possibility of 
the occurrence of explosions in engine crank- 
cases, are far removed from actual facts and 
from scientific knowledge recorded in the 
literature. I have in my files Society of 
Automotive Engineers’ reports of engine 
crankcase explosions some of which even 
occurred in stationary Diesel engines. 

Quoting from a report of the research and 
development department of a major oil com- 
pany: “In connection with crankcase 
explosions, it is important to keep in mind 
that it is not necessary to have fully vaporized 
fuel or oil to support combustion, and that a 
mist of the right concentration in the pres- 
ence of air (oxygen) can burn. In thinking 
of this subject, it may help you to compare 
crankcase explosions to explosions that occur 
occasionally in coal mines, where coal dust is 
the bad actor.” 

Quoting further from this same source, 
**Explosions may cause considerable damage 
to equipment and hazard to operators. It is 
estimated that pressures as high as 100 pounds 
per square inch may be developed. This is 
about the same result as would be obtained if 
a pound of dynamite were set off in a crank- 
case of 1,000-horsepower engine.” In addi- 
tion, ‘‘It is believed that crankcase explosions 
are caused by the burning of lubricating oil 
in the form of fog or droplets. If the drops 
are small enough, the oil burns just as readily 
as though it were vaporized.” 

For Mr. Froesch to state that the ventila- 
tion of engine crankcases purges their ac- 
cumulations of explosive mixtures is definitely 
incorrect and wholly lacking in experimental 
verification. Equally incorrect is the state- 
ment that oil spray and vapors and presumed 
combustion products admixed with explosive 
fuel-air mixtures eliminate the possibility of 
crankcase explosions. Actually the ventila- 
tion of crankcases promotes explosion haz- 
ards. Oil spray may add fuel enrichment 
and, when in fog or droplet form, it adds to 
the already existing highly dangerous explo- 
sive conditions. Combustion products, of 
which water vapor, carbon dioxide, and 
nitrogen are the common components, must 
be present in relatively large volume to inhibit 
inflammability—a condition which is defi- 
nitely not the situation in engine crankcases. 

To illustrate the foregoing statement, the 
explosive range of carbon monoxide lies 
within the wide limits from 13 per cent to 74 
per cent by volume, with air. By adding a 
volume of inert carbon dioxide equal to that 
of the carbon monoxide, the explosive range 
of the flammable fuel is only narrowed 
slightly from 28 per cent to 66 per cent, by 
volume, with air. Increasing the amount of 
carbon dioxide to double that of the carbon 
monoxide additionally narrows the explosive 
range from 48 per cent to 61 per cent; but, 
even this explosive range of 13 per cent is 
about double that for the many commonly 
used hydrocarbon fuels, such as gasoline, 
benzene, toluene, heptane, haptha, and 
many others. 

Crankcase explosions in the operation of 
automobile and stationary engines only 
occur from the ignition of the flammable mix- 
tures which is caused by mechanical sparks 
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resulting from broken piston rings and other 
accidental sources or by autoignition from 
overheated pistons, cylinders, tearings, and 
allied parts. The minimum temperature 
required for igniting flammable mixtures of 
lubricating oil lies in the range of 850 degrees 
Fahrenheit to 900 degrees Fahrenheit, while 
for gasoline vapors a temperature of only 495 
degrees Fahrenheit is required and for carbon 
monoxide 1,200 degrees Fahrenheit. 

However, unlike practically all other ap- 
plications of internal-combustion engines, the 
ever-present flammable mixtures within the 
crankcases of airplane engines are exposed 
directly to whatever electrostatic sparks occur 
at the bearings—in addition to the mechani- 
cal and thermal sources of ignition cited. 
These sparks across bearings originate as dis- 
charges to the fixed parts of the airplane from 
the rotating blades of the propellers which are 
highly electrified by virtue of their tip speeds 
which approach sonic value. 


As to the explosion within the crankcase of 
the engine on the ‘Constellation’ off the 
Florida coast, regarding which Mr. Froesch 
states ‘I am particularly well acquainted 
with the facts behind this incident,” I may 
add that the blown-out propeller system lies 
buried in the Atlantic Ocean. During the 
war the tips of propeller blades were reported 
from many authentic sources, including pro- 
peller manufacturers, to have been broken or 
shot off, not uncommonly, without causing 
consequential damage to the propeller system 
or to the engine. Airplanes thus damaged 
were reported to have not only completed 
their missions but, also on occasions, to have 
taken to the air again without repairs. 

Mr. Froesch, in questioning the reliability 
of reporters of the press and radio, does little 
credit to the intelligence of these men. It is 
fair to state that their information comes, as 
a rule, from those who do know the facts. 
Also it is justified in saying that these facts 
frequently are suppressed or contradicted, 
subsequent to publication, for politic or other 
reasons. 


As an authority in investigating the re- 
mains of many major explosions, my general 
observation is that it is most hazardous to 
permit sparks within an enclosure which is 
pervaded with an inflammable fuel-air mix- 
ture. Unofficial air line reports to me sub- 
stantiate the fact that certain materials and 
operating conditions found in air transports 
have indicated the prevalence of electrostatic 
sparking in wing structures, in cabins, and in 
baggage compartments. There is no reason 
to doubt that some of these conditions might 
lead or have lead to aviation disasters. 


Civil authority makes little allowance for 
ignorance of man-made laws. Nature grimly 
makes none for her laws. Electrostatic fire 
and explosion hazards in the many phases of 
aviation flight and ground operations are as 
real as life or death and definitely not theo- 
retical or speculative, as Mr. Froesch would 
have one believe. As common carriers, the 
air lines and the airplane manufacturers as 
well should employ engineers who are special- 
ized in this vital field of electrostatics. These 
engineers should be experienced in the 
sources and hazards of electrostatic ignition 
and in the parasitic origins of explosive fuel- 
air mixtures. 

Congressional air safety committees and air 
policy boards are demanding improvement in 
the design, operation, and maintenance of 
airplane equipment and airline operating 
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procedures. May the day be speeded when 
an understanding recognition is conceded to 
the prevalence of electrostatic fire and explo- 
sion hazards on airplanes so that the simple 
and inexpensive corrective measures neces- 
sary for the elimination of the gruesome toll of 
accidents, holocausts, and deaths from these 
causes finally may be instituted. 


ROBIN BEACH (F ’35) 
(Robin Beach Engineers Associated, Brooklyn, N. ¥) 


American Engineering Association 


To the Editor: 


The article by AIEE  Past-President 
B. D. Hull advocating the founding of an 
American Engineering Association (EE, Apr 
48, pp 313-17) should find active support from 
every engineer who is interested in the stand- 
ing of the professional engineer. There is no 
doubt of the urgent need for an engineering 
organization, which, by virtue of a recog- 
nized professional standing indirectly would 
be influential socially, and to a moderate ex- 
tent politically. 

The familiar adage, ‘‘United we stand, 
divided we fall,” is just as applicable today as 
ever before, and in contemplating the ineffec- 
tual efforts of the many individual engineer- 
ing societies towards obtaining a higher de- 
gree of professional recognition from the 
general public, the thought comes to mind 
as to the reason why the engineering profes- 
sion with so many years of organized profes- 
sional practice has failed so signally in carry- 
ing out the responsibilities toward the indi- 
vidual member with respect to professional 
standing. 

As Mr. Hull pointed out in his article, the 
engineer, although he can come to an agree- 
ment on purely technical questions, does not 
co-operate on questions and aims pertaining 
to the economic and social aspect of every day 
living in regard to contacts with other profes- 
sions and the lay public. Intelligent, indi- 
vidual thought is a valuable asset in a true 
democracy, and should be translated into 
positive action by means such as a majority 
referendum vote, or representation by elected 
members who are delegated to present the 
views of a majority. 

Under our present system of existing sepa- 
rate engineering societies, there is little possi- 
bility of presenting the majority viewpoint of 
the mass of engineers, as each society has its 
own individual program which mainly 
stresses the purely technical part of engineer- 
ing activity. Taking for example the medi- 
cal profession, a physician or surgeon is a 
member of the American Medical Associa- 
tion, the national medical society which does 
represent, and speak for any or all members 
of the medical profession, irrespective of 
whether the individual member is practicing 
a specialized part of medical practice. 
Similarly a lawyer also is identified as such 
whether he be a corporation lawyer, a 
criminal lawyer, or any other type of lawyer. 

Does not this possibly explain why the 
legal and medical professions which have a 
single national society for representation 
possess a higher professional standing than 
does the engineering profession? 

In my opinion, to rectify this condition a 
far more drastic application than even Mr. 
Hull recommends is necessary. I do not 
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concur with Mr. Hull’s suggestion that a 
proposed American Enginecring Society 
could function properly together with the 
other engineering societies with their present 
identity and authority. aiden 

Why persist in half measures, which in the 
past have been tried several times and found 
to be inadequate and unsuccessful? 

I would recommend that the American 
Engineering Society be organized so as to 
absorb all existing engineering societies 
which are national in scope. The existing 
individual society local sections easily could 
fit into the local chapters of the new society, 
and be carried on as purely technical sec- 
tions. It easily can be understood that the 
various engineering societies are reluctant to 
relinquish their identities and responsibili- 
ties, however, I believe that a thorough pre- 
sentation of the facts and issues to the mem- 
bers of all the engineering societies would find 
a response to the idea that amalgamation 
and centralization of publicity functions is 
necessary for the general welfare of all 
engineers. 

To the general public an engineer even 
though he is a specialist in one of the various 
branches of engineering, is titled as “‘engi- 
neer” and as it is from the general public that 
we must receive a large part of our professional 
recognition it would seem to be good policy 
to present our ideas, services, and social and 
political opinions, to the public as “‘engineers” 
rather than by a specialized subtitle which in 
the public mind may have a tendency to 
associate the engineer with the specialized 
trades. 

The issue as it stands at present is clear and 
in my opinion can be explained by one ques- 
tion, ‘“‘Have the engineering societies, as now 
constituted, successfully met the need for 
improvement in the professional status of the 
engineer?” If they have met this challenge 
there is no need for an additional engineer- 
ing society. However, according to Mr. 
Hull and many other authorities, the engi- 
neering societies definitely have failed in this 
respect, this failure being reflected in the 
large number of engineers of standing who 
are not members of a national engineering 
society. We also should face the fact 
honestly that thousands of society members 
are such in name only, regularly paying dues 
and taking a rather remote interest in the 
various technical activities conducted by the 
specialized sections. 

As engineers are human beings with the 
same diversity of aspirations, hobbies, and 
recreational pursuits as any other person, 
whether a businessman, mechanic, clerk, or 
laborer, does it not seem reasonable to expect 
a more diversified program of activity. 

It is certainly true that it is to the technical 
activities of the engineering societies that we 
owe whatever professional standing we 
possess, but considering that this recognition 
springs only from scientific circles, can we 
not consider that our professional recogni- 
tion thus is restricted and limited by this fact. 
No scientific product can be presented success- 
fully to the general public without consider- 
able advertising and salesmanship, which has 
as an objective the translation of scientific 
attainment and advantages to the lay public 
in simple terms. 

If we desire the general public to recognize 
and honor the contribution of the engineer- 
ing profession toward publicizing the con- 
veniences and comforts of modern civiliza- 
tion, we must recognize the necessity of ade- 
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quate publicity. How this should be accom- 
plished is a matter for consultation, and con- 
siderable care should be taken that a long 
range publicity program be formulated care- 
fully. 

Correlated social activities also will require 
some planning to be of any value. How- 
ever, whatever program is planned and under- 
taken, it is my opinion that all engineers 
should have the opportunity of taking part. 
An American Engineering Society with the 
large membership, prestige, and representa- 
tion it would possess certainly should be able 
to acquaint the public at large materially as 
to the engineer’s status in public life. 

It is human nature to measure ability, pro- 
fessional standing, and social status to a great 
extent on the individual’s self-valuation, 
granted that such valuation is not egotistical 
or exaggerated, and which is reflected in the 
individual’s self-expression in conduct, dress, 
conversation, and so forth. Collectively this 
valuation is totally dependent on the writ- 
ten word, and by addresses to the general 
public by the leaders in the profession. 

The responsibility of representing the 
engineering profession in so far as contacts 
with the public are concerned should not, in 
my opinion, be vested in any single individual 
or any group of individuals who do not possess 
a common or co-ordinated policy. An 
American Engineering Association possessing 
a membership containing the recognized 
leaders in all branches of engineering would 
be in a position to progress a sound construc- 
tive program which, being national in scope 
and embracing all engineers ultimately 
would be of benefit to every engineer, and 
possibly prove to be an incentive to those 
engineers of standing, who, at present are not 
interested in engineering society membership. 


VERNON UTTLEY 


(Chief, Projects Branch, United States Army Forces 
Antilles, Office of the Antilles Engineer, c/o Postmaster, 
Miami, Fla.) 


To the Editor: 


In recent discussions as to the need for 
some over-all engineering society to repre- 
sent the profession in general the suggestion 
has been made repeatedly that such an 
organization already exists—the National 
Society of Professional Engineers. 

Actually, the National Society of Profes- 
sional Engineers is very poorly representative 
of the engineering profession. Its member- 
ship is limited to registered engineers. 
Figures in the recent report, ‘““The Engineer- 
ing Profession in Transition,” indicate that 
civil, electrical, and mechanical engineers 
make up about 70 per cent of all engineers, 
about equally divided between the three 
groups. But by far the majority of regis- 
tered engineers are civil engineers, with rela- 
tively few electrical or mechanical engineers 
registered. 

In the two states in which I am registered 
at present, Arizona and Michigan, civil en- 
gineers make up the bulk of the registration. 

The last census shows better than a quarter 
of a million engineers of one kind or another. 
Under the present registration laws there is 
no need for the majority of these to be regis- 
tered. The reason registered engineers are 
predominately civil is because it is mainly the 
civil engineers who are affected by the regis- 
tration requirements. It is unlikely that 
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there will be any serious change in the regis- 
tration requirements for some time to come. 
To summarize, then, the National Society 
of Professional Engineers represents, after a 
fashion, registered engineers. But registered 
engineers are very poorly representative of 
engineers in general. As an organization to 
represent the engineering profession in gen- 
eral properly this society hardly qualifies. 
(You know, I resent the attitude of the 
National Society of Professional Engineers 
that one is not an engineer unless registered. 
Under the present laws this simply is not so.) 


HAROLD NEVIN CAREY 


(Associate member, American Society of Civil Engineers, 
Member American Association of Engineers, 1806 North 
11th Street, Phoenix, Ariz.) 


To the Editor: 

Mr. Hull’s article in the April issue on an 
American Engineering Association was very 
comprehensive and timely. There seems to 
be general agreement that an over-all or- 
ganization to direct the professional, eco- 
nomic, and social program of the engineering 
profession is needed urgently. It also is 
agreed generally that the existing engineer- 
ing societies should continue to carry on their 
technical activities as at present. Ifthe exist- 
ing professional societies, such as the Ameri- 
can Association of Engineers or the National 
Society of Professional. Engineers, were to 
continue as they are it would result in 
duplication of professional activities with the 
new association. Obviously such duplica- 
tion is to be avoided and a plan to accom- 
plish this should be worked out which will be 
as satisfactory to all existing societies as is pos- 
sible. It appears that there are three alter- 
natives as follows: 


1. Professional engineering societies continue on an 
antonomous basis providing individual membership 
without any connection with technical societies. 


2. Engineering societies co-operate to form a new 
over-all society which includes representation of existing 
technical societies as well as individual membership but 
which probably would not include existing professional 
societies. 


3. Technical sociéties co-operate with professional 
societies to change the latter from an antonomous body 
to a joint organization to represent technical societies 
as well as individuals. 


I think all will agree that plan 1, which 
would force engineers to join an outside an- 
tonomous society having no connection with 
their technical society in order to secure repre- 
sentation in professional matters, is not the 
answer. I believe we also can agree that 
plan 2 of the technical societies forming some 
interlocking over-all organization without 
regard to the existing professional societies is 
also not the answer. I am sure we all can 
agree that if under plan 3 the existing pro- 
fessional societies can be consolidated and 
changed so as to be interlocked with and 
represent the existing technical societies as 
well as their individual members of certain 
qualified grades, it would provide the best 
solution. 

It would seem to be to the best interests of 
the engineering profession if the National 
Society of Professional Engineers would come 
forth with a concrete plan to convert their 
society into a national society such as Mr. 
Hull visualizes. 


ROY E. KISTLER (F’46) 


(Pacific Telephone and Telegraph Company, Seattle, 
Wash.) 
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Electrical Essay 


To the Editor: 

In answer to your electrical essay in the 
July 1948 issue of ELECTRICAL ENGI- 
NEERING (EE, Jul? 48, pp 653-4), an induc- 
tion motor is capable of delivering power at a 
leading power factor to the line when operat- 
ing at above synchronous speed. ‘This prin- 
ciple finds application in the process of re- 
generative braking on electrified railroads. 

2S 
re+jxos 
1:1 ratio of transformation), where E), 72, 
x2 are the rotor induced voltage, rotor resist- 
ance, and rotor reactance, respectively. 
Rationalizing this expression, 
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As shown in the essay, the rotor voltage will be 
—F,when sisnegative. Bysubstituting — EZ 
for E, and —s for sin the foregoing equation, 
it can beseen that the rotor current J, will lead 
the rotor voltage by an angle determined by 
To, X2, and s. 

However, to say without qualification 
that an induction motor will run as an alter- 
nator (that is, deliver power to the line) 
appears to be a violation of the law of con- 
servation of energy. As the line itself pre- 
sumably does not deliver power to the ma- 
chine, what supplies the excitation? 

To illustrate, assume an induction motor is 
used to drive a d-c shunt or compound ma- 
chine acting as a generator in parallel with a 
second similar machine driven by a prime 
mover. Assuming that the second machine 
were to speed up, it evidently would drive 
as a motor, the machine connected to the 
induction motor. Since to do this would 
mean that the induction motor would be 
rotated at greater than synchronous speed, it 
appears that the induction motor is acting as 
a generator. Yet as asked in the foregoing, 
where is the necessary field excitation coming 
from? 

From Lenz’s law, we know that the voltage 
of the stator (the line voltage) will induce a 
voltage in the rotor (HZ, or —£» as the case 
may be) which in turn will induce a counter 
voltage in thestator. This counter voltage is 
proportional to 1—s and tends to limit the 
flow of current to the stator. Assuming no 
losses, at no load the induction machine 
would run at synchronous speed approxi- 
mately and at this point it can be seen that 
counter voltage would approach the line 
voltage and the stator current would ap- 
proach zero. As s is made negative, the 
counter voltage will exceed the voltage of the 
line, presumably causing power to flow from 
the stator to the line as the phase relationship 
of the rotor voltage EZ, has been reversed, 
causing, as a consequence of Lenz’s law, a 
corresponding reversal in the phase of the 
stator voltage. | As shown in the essay the 
relative phases of the rotor and stator cur- 
rents are not reversed. Thus, multiplying 
the stator voltage and current together will 
show that the volt-amperes of the machine 
have been reversed. Doing this multiplica- 
tion vectorially will show immediately that 
the power is reversed above synchronous 
speed and that the machine is operating at a 
leading power factor. Although this ex- 
plains the answer to the essay it does not 
satisfactorily explain to me how it is possible 
for the induction machine to change over 
from a motor to a generator. The fact that 
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the voltage induced by the stator is now 
higher than that of the line seems to nullify 
the possibility that the line itself is providing 
the necessary excitation. As there is appar- 
ently no external source of power I only can 
conclude that the excitation is provided by 
mutual induction between the rotor and sta- 
tor. Accordingly, it is my guess that an 
equilibrium condition is reached when the 
voltage induced in the stator approaches as a 
limit the line voltage and, consequently, 
there is no flow of power in either direction, 
except that making up the losses. 
Where is the fallacy of this argument? 


WILLIAM E. WARDEN 
(Student, Pratt Institute, Brooklyn, N. Y.) 


Transactions Correction 


To the Editor: 

As AIEE technical paper 47-266 entitled 
“Diffusion of Electric Current into Rods, 
Tubes, and Flat Surfaces,’’ which was pre- 
sented at the Midwest general meeting in 
Chicago on November 7, 1947, or has been 
published in AIEE TRANSACTIONS, vol. 
66, 1947, pages 1496-1502, perhaps you can 
print this letter in ELECTRICAL ENGI- 
NEERING correcting an error and also intro- 
ducing an algebraic simplification, both 
kindly called to my attention by A. C. Sim of 
the electronics engineering department of 
the British Thomson-Houston Co., Ltd. in 
England. 

In defining the dimensionless ratios of 
equation 9 in the paper, one has the choice of 
referring dimensions to either the inner 
radius a or outer radius 6 of the tubular con- 
ductor. The latter is, however, most con- 
venient since it is applicable to the limiting 
case of a solid rod when a=o0. However, in 
the initial derivations, both ratios were used 
and inadvertently equations 19, 20; and 21 
were recorded in the paper inconsistent with 
defining equations 9. In presenting here the 
corrected equations it is also desirable to pre- 
sent them in simplified form by using the 
identity suggested by Mr. Sim, namely: 


Kou (x) ~ Ni (ax) 
Kolax) zs Ni(x) 


where ais any fixed constant. The corrected 
and simplified equations 19, 20, and 21 then 
become 
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where roots pz, are to be determined from 
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It should be noted that equations 19, 20, 
and 21 as originally given, although all incon- 
sistent with defining equations 9, are never- 
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theless mutually consistent so that the numeri- 
cal results plotted in Figure 6 of the paper are 
correct as shown. 


K. W. MILLER 


(Assistant director of research, Armour Research 
Foundation, Chicago, Ill.) 


New Watt-hour Meter 


To the Editor: 

I. E. Kinnard’s article “A New Watt-hour 
Meter” (EE, Jul ’48, pp 627-9) was undoubt- 
edly of great interest to all electrical men 
concerned with measurement. The article 
gives the reader the impression that the 
author regards the magnetic suspension as 
the most important of the several new fea- 
tures incorporated in this meter. In view 
of this, therefore, there is a serious omission 
in the article and one that ELECTRICAL 
ENGINEERING hardly can overlook. 

I am referring to the complete absence of 
any reference to the work of Stanley and the 
meter he manufactured which incorporated a 
magnetic suspension of the moving element. 

Mr. Kinnard, in his introduction, mentions 
Edison, Thomson, and Shallenberger. Why 
did he omit any reference to Stanley when 
the Staniey meter was the pioneer in magne- 
tically suspended rotor constructions? 

It is quite true that the Stanley magnetic 
suspension is well known to the older meter 
engineers but omission of a reference to this 
meter with the resulting implication that 
magnetic suspension is a brainchild of Mr. 
Kinnard and his associates is unfair to the 
general reader. 


G. G. WAITE (A? 29) 


(Chief engineer, Sangamo Company Limited, Leaside, 
Ontario, Canada) 


PAMPHLETS eccece 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” All 
inquiries should be addressed to the issuers. 


Basic Radio Propagation Predictions for 
October 1948, three months in advance, 
CRPL Series D. Number 47. A National 
Bureau of Standards publication. Superin- 
tendent of Documents, Government Printing 
Office, Washington 25, D. C., 10 cents. 


Kabelitems Number 27. “Color Notation 
describes the methods of color notation that 
have been applied to Vinylite plastic elec- 
trical extrusion compounds. Both the Mun- 
tell and the T.C.C.A. color systems are de- 
scribed in their application to achieve Na- 
tional Electrical Manufacturers Association 
and United States Navy Bureau of Ships 
standards for insulation. Bakelite Corpora- 
tion, Advertising Department, 300 Madison 
Avenue, New York 17, N. Y. 


Edison Electric Institute—National Electrical 
Manufacturers Association Recommended 
Standards for Distribution Transformers. 
NEMA publication No. 114. This fourth 
report of the Joint Committee of the EEI and 
NEMA on Standards for Distribution Trans- 
formers contains design standards for certain 
mechanical and electrical features of over- 
head-type single- and 3-phase distribution 
transformers rated 500 kya and smaller, high 
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voltage 2,400-15,000 volts, low voltage 600 
volts and below. It supersedes both the 
second and third reports for distribution 
transformers. 16 pages. 80 cents. 


Sales Data Sheet. Testing of welds in plate, 
thin sheet, and other sections with the Sperry 
Supersonic Reflectoscope, using a new angle 
transmitter, is described fully in Sales Data 
Sheet 3021, a publication of Sperry Products, 
Inc., 1505 Willow Avenue, Hoboken, N. J. 


Bibliography on Engineering Office Filing. 
“Filing Systems for Engineering Offices,” 
list of 41 references to books and articles on 
systems for the filing of notes, correspond- 
ence, abstracts, reprints, drawings, maps, 
catalogues. The first of a series of biblio- 
graphies to be issued by the Engineering 
Societies Library, the booklet may be pur- 
chased from the Engineering Societies Library, 
29 West 39th Street, New York 18, N. Y. 
Price $2. 


Principal Electric Utility Generating Sta- 
tions and Transmission Lines in the United 
States. Comprising 11 regional maps and 
six supplementary sheets, the series shows, in 
general, transmission lines of 22 kv and 
above, electrical utility generating stations of 
1,000 kw and above, and industrial electric 
generating stations of 1,000 kw and above 
when interconnected with an _ electrical 
utility. The maps are sold exclusively by 
the Federal Power Commission, Washing- 
ton, D. C. The complete set of 11 with 
supplementary sheets is $2.50. Individual 
maps are 25 cents each. The order number 
for the set is FPC-M-8. 


NEW BOOKS ecceee 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented bythe publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


FORMING OF AUSTENITIC CHROMIUM- 
NICKEL STAINLESS STEELS. Assembled and 
edited by V. N. Krivobok and G. Sachs. International 
Nickel Company, 67 Wall Street, New York, N. Y., 
1948. 309 pages, illustrations, diagrams, charts, tables, 
111/; by 81/s inches, cloth, $4. This book gives fabri- 
cators of metal equipment a better understanding of the 
adaptability of stainless steels to all modern processes 
of forming. It presents a detailed description of the 
modern forming procedures as applied to chromium- 
nickel stainless steels and as practiced in United States 
plants. Bending and straight flanging, forming of 
curved sections and tubing, deep drawing, die forming, 
forming of contour flanged parts, and forming by mis- 
cellaneous methods are discussed. The specific examples 
of forming technique are supplemented by details of 
tool design and tool materials, lubricants, data on 
dimensions, and consecutive steps on fabrication, 


ACHIEVEMENTS IN OPTICS. (Monographs on 
the Progress of Research in Holland.) By A. Bouwers. 
Elsevier Publishing Company, New York, N. Y., and 
Amsterdam, Holland, 1946. 135 pages, illustrations, 
diagrams, charts, tables, 81/4 by 53/4 inches, paper, 
$2.50. Divided into four sections, this monograph deals 
with research during the war years. Part 1 considers 
the new optical systems involved in the concave spherical 
mirror, the Schmidt-Camera, and the concentric mirror 
system. In part 2, a new microscope, telescopes, and 
cameras are treated. The work on geometrical optics 
is considered in part 3, while part 4 covers phase contrast 
and the diffraction theory of aberrations. 


AUTOMATIC REGULATION, VolumeI. By W.R. 
Ahrendt and J. F. Taplin; preliminary edition, pub- 
lished and distributed by Ahrendt and Taplin, Post 
Office Box 4673, Washington 20. D. G.. 1947. 171 
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pages plus Appendixes A-D, illustrations, diagrams, 
charts, tables, 83/4 by 53/4 inches, cloth, $3.50. Follow- 
ing a brief introductory chapter, the mathematical 
background is established. Differential equations and 
the Laplace transformation are discussed in their applica- 
tion to properties of closed causal loops. There is an 
adaptation of the methods of Fourier through frequency 
spectrum analysis, and the analysis of multi-loop systems 
is undertaken. A bibliography, problems, and a 
glossary complete the book. - 


DIRECT-CURRENT MACHINERY. By G. GC. 
Blalock. McGraw-Hill Book Company, New York, 
N. Y., and London, England, 1947. 367 pages, illus- 
trations, diagrams, charts, tables, 81/4 by 51/2 inches, 
cloth, $3.75. Intended for relatively brief courses, 
this text presents a concise picture of basic and specialized 
machines and their controls. Applications of theory 
are given in practical examples, problems and illustra- 
tions. Fundamental derivations are supplied for mest 
ofthe equations. Operating characteristics of generators 
and motors are presented, and a chapter on batteries is 
included. 


ELECTRETS. By T.A. Dickinson. Plastics Research 
Company, Box 346, Alhambra, Calif., 1948. 32 pages, 
diagrams, charts, tables, 51/2 by 4 inches, fabrikoid, 
$2.50. Written for engineers and technicians, this 
little book is devoted to methods of rearranging atoms 
in nonmetallic materials so as to produce electrical 
equivalents of permanent magnets. History and theory 
are presented as well as potential applications. There 
is a bibliography of periodical articles on the subject, 
and pertinent books and magazines are listed. 


ELECTRICAL SOIL STERILIZATION BY IM- 
MERSION HEATERS. Technical Report, Reference 
W/T14. By C. A. Cameron Brown and P. Wakeford. 
British Electrical and Allied Industries Research Asso- 
ciation, 15 Savoy Street, London, W. C. 2, England, 
1947. 17 pages, illustrations, diagrams, charts, tables, 
11 by 81/2 inches, paper, 6s.6d. This report describes 
an experimental investigation into the conditions 
governing the sterilization of soil for horticultural 
purposes by insulated heating tubes. Working details 
are given of actual sterilizers made up and worked 
successfully for several seasons. 


ELECTRONIC ENGINEERING MASTER INDEX 
1946. Edited by F. A. Petraglia. Electronics Research 
Publishing Company, 2 West 46th Street, New York, 
N. Y., 1947. 202 pages, 10 by 63/4 inches, fabrikoid, 
$14.50. About two-thirds of the 7,500 new entries 
included in this supplement relate to the technical 
literature of the period from July 1945 to December 
1946. The remaining third consists of miscellaneous 
entries, principally from foreign periodicals, ranging 
over the last decade. Two new sections are the 
“Bibliography of Engineering Texts” and a survey of 
recent manufacturers’ literature. The cumulative 
cross-index at the end of the book serves as a guide to 
both the present compilation and the 1925-1945 edition. 


ELECTRIC POWER TRANSMISSION. By M. P.. 
Weinbach. Macmillan Company, New York, N. Y., 
1948. 364 pages, diagrams, charts, tables, 91/2 by 6 
inches, cloth, $5.50. Emphasizing the electrical 
prcblems of power transmission, this book provides a 
knowledge of the physical phenomena involved and the 
mathematical processes needed for their solution. The 
3-phase system, circuit properties of transmission lines, 
voltage control, steady state power limits, and other 
problems are considered. 


FREQUENCY MODULATION ENGINEERING. 
By C. E. Tibbs, foreword by L. H. Bedford. Chapman 
and Hall, Ltd., London, England, 1947. 310 pages, 
illustrations, diagrams, charts, tables, 83/4 by 51/2 inches, 
cloth, 28s. Presenting basic theory, the early chapters 
deal with the frequency modulation of carrier waves 
and with interference suppression. Succeeding chapters 
consider propagation, aerials, transmitters and measure- 
ments. The remainder of the book is devoted to a 
description of the technique and circuits employed for 
frequency modulation and reception. 


FUNDAMENTAL ELECTRONICS AND VACUUM 
TUBES. By A. L. Albert. Revised edition, Mac- 
millan Company, New York, N. Y., 1947. 510 pages, 
illustrations, diagrams, charts, tables, 91/2 by 6 inches, 
cloth, $6. Designed for use in college and university 
courses, this book contains the fundamental principles 
of electronics and related phenomena. In this revised 
edition the author has added review questions and new 
problems. Selected references follow each chapter. 


GEMS AND GEM MATERIALS. By E. H. Kraus 
and G. B. Slawson. Fifth edition. McGraw-Hill Book 
Company, New York, N. Y., and London, England, 
1947. 332 pages, illustrations, diagrams, charts, tables, 
9 by 51/2 inches, cloth, $4. This book presents authori- 
tative information about minerals and materials used 
or gem and ornamental purposes. The considerable 
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revision relates to crystal forms, physical and optical 
properties, gem polishing and cutting, and manu- 
factured gems. A new section is included on the 
determination of crystal structure by X-ray methods, 
The technical data are presented in tabular form for 
classification purposes. 


HANDBOOK OF INDUSTRIAL ELECTROPLAT- 
ING. By E, A, Ollard and E, B. Smith; published 
by ‘‘Metal Industry” (Louis Cassier Company, Ltd.), 
distributed by Iliffe and Sons, Ltd., London, Birming- 
ham, Coventry, and Manchester, England, and Glasgow, 
Scotland, 1947. 308 pages, illustrations, diagrams, 
charts, tables, 83/4 by 51/2 inches, linen, 15s. Omitting 
theory, this book provides full practical information for 
all those whose duty it is to design, erect, maintain, or 
operate electrodeposition plants, and for the laboratory 
worker who must deal with plating solutions. The book 
is divided into eight sections: electric equipment; 
deposition plant; solution formulas; special formulas; 
solution testing; deposit testing; glossary; miscel- 
laneous information and tables. 


HEATING AND VENTILATING BUYERS?’ DI- 
RECTORY, 1948 edition. Edited by C. Strock. 
Industrial Press, 148 Lafayette Street, New York, N. Y.; 
228 North La Salle Street, Chicago, Ill. 320 pages, 
illustration, 8 by 51/2 inches, paper, $1. This book 
covers the fields of air conditioning, piping, heating, 
refrigeration, ventilation, and air sanitation. It is 
primarily a classified product directory, listing the 
sources of equipment, supplies, and services. 


HEATING AND VENTILATING’S ENGINEERING 
DATA BOOK. By C. Strock. Industrial Press, 148 
Lafayette Street, New York, N. Y., 1948. Paged in 
sections, diagrams, charts, maps, tables, 111/41 by 81/2 
inches, fabrikoid, $7. Purely practical in character, 
this reference work emphasizes the data needed in 
actual design with only sufficient text to explain the use 
of the data. Information is included on the heat pump, 
electrothermal storage, snow melting, heating with 
Diesel engines, solar water heating, and radiant heating. 
One section is devoted to the law of contracts and other 
legal subjects which concern heating men. 


(The) INDUSTRIAL ENVIRONMENT AND ITS 
CONTROL, By J. M. Dalla Valle. Pitman Publish- 
ing Corporation, New York, N. Y., and London, 
England, 1948. 225 pages, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $4.50. This book deals with 
engineering methods for the control of health hazards 
in factories, including air sanitation and exhaust ventila- 
tion, illumination, noise, and thermal environment. 
References follow each chapter. No prerequisites other 
than preliminary engineering and some knowledge 
of industrial hygiene are required. 


LORAN LONG RANGE NAVIGATION. Edited by 
J. A. Pierce, A. A. McKenzie, and R. H. Woodward. 
McGraw-Hill Book Company, New York, N. Y., 1948. 
476 pages, illustrations, diagrams, charts, tables, 91/; by 
6 inches, cloth, $6. This book gives a complete account 
of the design and use of the long-range pulse navigation 
system known as loran, both in its original form and as 
sky-wave synchronized loran, Sections are included 
on radio propagation at loran frequencies and on 
methods for the computation and preparation of loran 
navigational charts. 


MANUAL OF MATHEMATICS AND. ME- 
CHANICS. By G. R. Clements and L. T. Wilson. 
Second edition. McGraw-Hill Book Company, New 
York, N. Y., and London, England, 1947. 349 pages, 
diagrams, tables, 91/4 by 6 inches, cloth, $3.25. This 
manual contains facts and formulas that are useful in 
college and engineering schools. In this revised edition 
the tables of differentials and integrals have been ex- 
panded, and the author has included formulas for the 
solution of spherical triangles by Ageton’s method, 
also new material on the applications of mathematics 
to certain topics in electrical engineering. 


NEW DEVELOPMENTS IN FERROMAGNETIC 
MATERIALS. (Monographs on the progress of re- 
search in Holland.) By J. L. Snoek. Elsevier Pub- 
lishing Company, Inc., New York, N. Y., and Amster- 
dam, Holland, 1947. 136 pages, illustrations, diagrams, 
charts, tables, 81/4 by 5%/s inches, paper, $2.50. Cover- 
ing research done during the war period, this report 
discusses the statics and dynamics of ferromagnetism 
and the development of magnetic materials. Emphasis 
is placed on the magnetic after-effect, disaccomodations, 
and the elastic after-effect. 


PARAMAGNETIC RELAXATION. By C. J. Gorter. 
Elsevier Publishing Company, New York, N. Y., Lon- 
don, England, Amsterdam, Holland, Brussels, Belgium, 
1947. 127 pages, diagrams, charts, tables, 81/4 by 
51/2 inches, cloth, $2.25. This small volume presents 
a general survey of the subject based largely on Dutch 
research. The introductory material covers normal 
paramagnetism, fields and ion interaction, paramagnetic 
dispersion, and absorption. Experimental methods and 
results are given. 
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PRINCIPLES OF QUANTUM MECHANICS. By 
P. A. M. Dirac. Third edition. Clarendon Press, 
Oxford, England; Oxford University Press, New York, 
N. Y., 1947. 311 pages, tables, 91/2 by 6 inches, cloth, 
$9. Rewritten to include the results of research since 
1935, the main alteration is the introduction of the 
notation of bra and ket vectors. The presentation of the 
theory of systems with similar particles is now based on 
Fock’s treatment of the theory of radiation. A further 
development of quantum electrodynamics, including the 
theory of the Wentzel field, has been included. 


POWER SYSTEM STABILITY. Volume I, Elements 
of Stability Calculations. By E. W. Kimbark. John 
Wiley and Sons, New York, N. Y.; Chapman and Hall, 
London, England, 1948. 355 pages, illustrations, 
diagrams, charts, tables, 81/2 by 51/4 inches, cloth, 
$6. This first volume of a projected 3-volume work 
covers the elements of the stability problem, the prin- 
cipal factors affecting stability, the simplified methods 
of making stability calculations, and the practical 
application of these methods to actual power systems. 


RADAR BEACONS (Massachusetts Institute of Tech- 
nology Radiation Laboratory Series Number 3). Edited 
by A. Roberts. McGraw-Hill Book Company, New 
York, N. Y., and London, England, 1947. 489 pages, 
illustrations, diagrams, charts, maps, tables, 91/4 by 
6 inches, cloth, $6. Dealing with the design and use 
of radar responder beacons, this volume gives compre- 
hensive and complete information on their field installa- 
tion, operation, and maintenance. The employment of 
systems involving beacons for navigation is critically 
discussed, and systems using radar sets as interrogators 
as well as systems using special interrogators both are 
treated. 


RADIO AMATEUR’S HANDBOOK, Standard 
Manual of Amateur Radio Communication. 25th 
edition, 1948. Published by American Radio Relay 
League, West Hartford, Conn. 608 pages, illustrations, 
diagrams, charts, tables, 91/2 by 61/2 inches, paper, 
$2; $2.50 foreign. This annual publication covering 
the theory, principles, and design of short-wave radio 
has been revised as usual and rearranged for more 
effective use. New chapters have been added on 
ultrahigh frequency, microwaves, interference, emer- 
gency operation, and assembling a station. Material 
is included on general workshop operations and detailed 
instructions for the building of various types of equip- 
ment. 


RESEARCH IN INDUSTRY, ITS ORGANIZATION 
AND MANAGEMENT. By C. CG. Furnas, editor, 
prepared by and published for Industrial Research 
Institute, Inc. D. Van Nostrand Company, Toronto, 
Ontario, Canada, New York, N. Y., London, England, 
1948. 574 pages, illustrations, charts, tables, 91/4 by 
6 inches, cloth, $6.50. Thirty-two research executives 
provide authoritative discussions of the various aspects 
of industrial research. Intended as a practical guide 
for the organization and functioning of a research de- 
partment, the book deals with general matters such 
as the formulation of policies as well as with specific 
topics such as the research budget, reports, patents, 
personnel, and the effective correlation of research with 
production. 


(A) SURVEY OF THE PRINCIPLES AND PRAC- 
TICE OF WAVE GUIDES. By L. G. H. Huxley. 
University Press, Cambridge, England; The Mac- 
millan Company, New York, N. Y., 1947, 328 pages, 
diagrams, charts, tables, 81/2 by 51/2 inches, cloth, 
$4.75, (21s.in England). This book is an introductory 
summary of the recent developments in the application 
of wave guides. It considers general background 
material, progressive electromagnetic waves in wave 
guides, formulas for field components, wave guide 
impedances and techniques, and cavity resonators. 


TABLES OF THE BESSEL FUNCTIONS OF THE 
FIRST KIND OF ORDERS TEN, ELEVEN, AND 
TWELVE. (Harvard University, Annals of the 
Computation Laboratory, volume 7.) TABLES OF 
THE BESSEL FUNCTIONS OF THE FIRST KIND 
OF ORDERS THIRTEEN, FOURTEEN, AND 
FIFTEEN. (Harvard University, Annals of the 
Computation Laboratory, volume 8.) TABLES OF 
THE BESSEL FUNCTIONS OF THE FIRST KIND 
OF ORDERS SIXTEEN THROUGH TWENTY- 
SEVEN. (Harvard University, Annals of the Computa- 
tion Laboratory, volume 9.) Harvard University Press, 
Cambridge 38, Mass., 1947-1948. Volume 7, no 
pagination; volume 8, no pagination; volume 9, 764 
pages, tables, 108/4 by 8 inches, cloth, $10 each. In 
these three volumes are continued the tables computed 
by the automatic sequence controlled calculator. The 
tabulation is carried to ten decimal places, with a wide 
range of argument and order, fine argument interval 
and a high degree of accuracy. Volume 3 of the series 
describes the methods of computation and interpolation. 
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ALTERNATING-CURRENT MACHINERY. By J. 
G. Tarboux. International Textbook Company 
Scranton, Pa., 1947. 652 pages, illustrations, diagrams 
charts, tables, 9!/s by 6 inches, fabrikoid, $6. Written 
from the basic-circuit point of view, this volume first 
presents the fundamental laws of the generalized circuit 
and circle diagram, and then shows how each individual 
machine is a special case. An appendix contains a 
variety of illustrative experiments. 


INSTRUMENTATION AND CONTROL IN THE 
GERMAN CHEMICAL INDUSTRY. PB 75861. 
By C. H. Gregory, H. B. Appleton, A. P. Lowes, and 
F. C. Whalen. Mapleton House, 5415 Seventeenth 
Avenue, Brooklyn 4, N. Y., 1947. 157 pages, illustra- 
tions, diagrams, charts, tables, 8 by 51/4 inches, paper, $6. 
Derived from an investigation by the British Intelligence 
Objectives Subcommittee, this volume reports the 
application of industrial instruments in the German 
chemical industry. The designs and manufacture of 
standard and special instruments are described, includ- 
ing recent research and development. Instruments 
used to measure flow, pressure, temperature, and density 
are discussed, as well as instruments used for analysis, 
measurement, and automatic control. 


(The) JACOB INTEGRAPH INSTRUCTIONS 
AND TYPICAL PROBLEMS. By B. C. Jacob, 205 
North Mountain Street, Bay City, Mich.; photo offset 
by Polygraphic Company of America, New York, 
N. Y., 1947. 126 pages, diagrams, charts, tables, 
81/4 by 6 inches, paper, apply to author. The Jacob 
Integraph is a small transparent triangle having ruled 
lines and small perforated holes so placed as to make 
it possible to perform graphically a variety of arith- 
metical and analytical computations. It may be used 
with an ordinary tee-square or triangle or as an attach- 
ment on a universal drafting machine. The accom- 
panying instruction book gives a detailed explanation 
of the simple fundamental operations, and of more com- 
plex problems in mechanics and engineering. 


MATHEMATICAL THEORY OF ROCKET 
FLIGHT. By J. B. Rosser, R. R. Newton, and G. L. 
Gross. McGraw-Hill Book Company, New York, 
N. Y., and London, England, 1947. 276 pages, illus- 
trations, diagrams, charts, tables, 91/4 by 6 inches, cloth, 
$4.50. Originally prepared as a report to the Office 
of Scientific Research and Development on wartime 
laboratory research, this volume now has been issued 
with the addition of a considerable amount of expository 
material. A simple explanation precedes the mathe- 
matical part of each section to provide a general idea 
of rocket flight which makes the book is useful both as a 
handbook for the trained scientist with no previous 
experience in the field and a text for the reader with 
little scientific training. 


MEASUREMENT OF COLOUR. By W. D. Wright. 
Adam Hilger Ltd., London, N.W. 1, England 1944. 
223 pages, illustrations, diagrams, charts, tables, 81/2 by 
51/2 inches, cloth, 30s. (obtainable from Jarrell-Ash 
Company, 165 Newbury Street, Boston, Mass., $9.75 
plus postage). Giving a comprehensive but concise 
account of the principles and methods of color measure- 
ment and specification, this volume also describes visual 
and photoelectric instruments, as well as the relation of 
color physics to many technical processes. The prin- 
ciples, methods, and applications of the fundamental 
trichromatic system of color measurement are described. 


MECHANICS. By J. C. Slater and N. H. Frank. 
McGraw-Hill Book Company, New York, N. Y., and 
London, England, 1947. 297 pages, diagrams, tables, 
91/4 by 6 inches, cloth, $4. The first of several volumes 
intended to replace the author’s “Introduction to 
Theoretical Physics,” this book emphasizes the topics 
important to mechanics, and those which make the 
study of mechanics the fundamental basis of all theo- 
retical physics. Modern mathematical methods, such 
as ordinary and partial differential equations, vector 
analysis, and so forth are used. Appendixes contain 
the mathematical background for these methods for the 
use of those familiar with calculus and differential 
equations, 


MEN AND VOLTS AT WAR, THE STORY OF 
GENERAL ELECTRIC IN WORLD WAR II. By 
J. A. Miller. McGraw-Hill Book Company, Whittlesey 
House Division, New York, N. Y., and London, England, 
1947, 272 pages, illustrations, tables, 91/4 by 6 inches, 
cloth, $3.75. This is the story of the General Electric 
Company’s accomplishments in World War II. The 
first part deals with the company’s activities in the 
making of combat equipment, while products for 
industry are considered in part two. General Electric’s 
role in the Manhattan District project is treated. 


FUNDAMENTAL PRINCIPLES AND APPLICA- 
TIONS OF INDUCTION HEATING. By “Heat- 
Treater.” Chapman and Hall, Ltd., 37 Essex Street, 
London, W.C. 2, England, 1947. 147 pages, illustra- 
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tions, diagrams, charts, tables, 9 by 51/4 inches, cloth, 
10s.6d. The development and applications of industrial 
heating are discussed, as well as the principles of in- 
duction and coil design and the choice of frequency 
equipment. Applications to surface hardening, internal 
hardening, tempering, forging and other processes are 
considered. 


FUNDAMENTALS OF ENGINEERING ME- 
CHANICS, By A. Sloane. Prentice-Hall, Inc., New 
York, N. Y., 1947. 379 pages, diagrams, tables, 91/s by 
6 inches, cloth, $5.65. This volume deals with the 
usual material on statics and dynamics which is 
treated in a text on engineering mechanics. In addi- 
tion, the principle of virtual work, Mohr’s circle as 
applied to moments of inertia and products of inertia, 
and a brief introduction to the subject of mechanical 
vibrations have been included. 


GAS TURBINE CONSTRUCTION, INCLUDING 
OPERATION AND MAINTENANCE. By R. T. 
Sawyer. Prentice-Hall, New York, N. Y., 1947. 411 
pages, illustrations, diagrams, charts, tables, 91/4 by 
6 inches, cloth, $7. In addition to construction data, 
this volume also covers operating details and main- 
tenance. Part 1 deals with the gas turbine as heavy 
equipment for stationary, marine, or locomotive service; 
part 2 covers turbochargers; and part 3 describes the 
various types of aircraft gas turbine equipment. 


INDUSTRIAL APPLICATIONS OF INFRARED. 
by J. D. Hall. McGraw-Hill Book Company, New 
York, N. Y., and London, England, 1947. 201 pages, 
illustrations, diagrams, charts, tables, 91/4 by 6 inches, 
cloth, $4. Written from a practical point of view, this 
up-to-date manual shows the executive, supervisor, 
plant engineer, and so forth, how to use infrared radia- 
tion to achieve better and more economical surface 
finishes and how to apply it to other industrial heating 
jobs. The book describes what equipment is available, 
discusses its operating characteristics, and provides the 
essential design and installation data needed to adapt 
infrared to the specific requirements of various pro- 
duction processes. 


ELECTRIC DISTRIBUTION FUNDAMENTALS. 
By F. E. Sanford. Second edition. McGraw-Hill 
Book Company, New York, N. Y., and London, England, 
1947. 252 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $3.50. Presenting essential data 
for practical application, the volume explains how the 
distribution system works; how the system is planned, 
designed and constructed; and how service and operat- 
ing routine is handled. The two principal changes in 
this second edition are the addition of the trigonometric 
method of calculations to the explanation of vector 
addition, and the inclusion of a new chapter on trans- 
former operation. 


INDUSTRIAL EXPERIMENTATION. By K. A. 
Brownlee. Chemical Publishing Company, Brooklyn, 
N. Y., 1947. 151 pages, diagrams, charts, tables, 
9 by 51/2 inches, cloth, $3.75. Of primary interest to 
those concerned with pilot-plant and plant-scale experi- 
ments on chemical manufacturing processes, this volume, 
British in origin, is a guide to both the planning and 
interpretation of experiments on an industrial scale and 
paves the way to efficient quality control. The subject 
is treated from the practical point of view. 


INDUSTRIAL HEALTH ENGINEERING. By A. 
D. Brandt, John Wiley and Sons, New York, N. Y.; 
Chapman and Hall, Ltd., London, England. 1947. 
395 pages, illustrations, diagrams, charts, tables, 91/4 by 
58/4 inches, cloth, $6. Beginning with a discussion of 
industrial atmospheric contaminants and their signifi- 
cance, this volume proceeds to describe the principles 
of control available and the types of equipment used: 
collectors, exhaust systems, respirators, and so forth. 
Design data and other aspects of interest to the practical 
engineer are included. ‘There is a 12-page bibliography. 


MAGNETIC CONTROL OF INDUSTRIAL MO- 
TORS. By G. W. Heumann, John Wiley and Sons, 
New York, N. Y.; Chapman and Hall, London, 
England, 1947, 589 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $7.50. Of interest 
to engineers concerned with industrial control equip- 
ment, this volume provides exhaustive coverage of 
electric motor performance, characteristics of control 
devices, and functions of commonly-used control circuits. 
Fundamental information is provided as well as informa- 
tion on new devices such as the amplidyne control and 
a-c hoist controls, 


PATENT NOTES FOR ENGINEERS. Published by 
RCA Review, Radio Corporation of America, RCA 
Laboratories Division, Princeton, N. J., 1947. 165 
pages, diagrams, tables, 91/4 by 53/4 inches, cloth, $2.50 
plus 20 cents postage if outside of United States. First 
in a new series of books on subjects of general engineering 
interest, this volume represents an effort to bridge the 


Of Current Interest 


gap between engineers, research workers, and inventors 
generally, and their patent attorneys. Statutory | in- 
ventions are treated at length. Practical suggestions 
are offered for protecting inventions prior to the filing 
of patent applications and thereafter, including the 
prosecution of patent applications, interference actions, 
and ownership questions. 


LES CATHODES CHAUDES, THEORIE ET 
PRATIQUE. By C. Biguenet. Editions de la Revue 
d@’Optique Théorique et Instrumentale, 165 rue de 
Sevres, Paris 15°, France 1947. 183 pages, illustrations, 
diagrams, charts, tables, 9 by 51/2 inches, paper, 300 frs. 
Devoted to the practical and theoretical study of hot 
cathodes, this volume includes a discussion of the basic 
principles of industrial vacuum technique, the use of 
induction heaters in releasing gas from metals, the 
study of adsorption phenomena, the theory of electronic 
emission, and the study of mono-atomic-coated cathodes. 


CHEMICAL ENGINEERING FUNDAMENTALS. 
(Chemical Engineering Series.) By C. G. Kirkbride. 
McGraw-Hill Book Company, New York, N. Y., and 
London, England, 1947. 419 pages, diagrams, charts, 
tables, 91/4 by 6 inches, cloth, $5. This book presents 
the fundamentals of chemical engineering for use in 
college courses taken prior to those covering the applica- 
tions of these principles to unit operations and chemical 
processes. Knowledge of general college chemistry, 
calculus, and elementary mechanics, sound, and heat 
are prerequisites. Special attention is devoted to human 
relations and to the reporting of technical results. 


ELECTRONIC CIRCUITS AND TUBES. By the 
electronics training staff of the Cruft Laboratory, 
Harvard University. Published by McGraw-Hill Book 
Company, New York, N. Y., and London, England, 
1947. 947 pages, illustrations, diagrams, charts, tables, 
91/4 by 6 inches, cloth, $7.50. This book, together 
with its companion volume, “Transmission Lines, 
Antennas and Wave Guides,” comprises the lecture 
material given in a course of instruction in preradar 
training for officers in the armed forces. The present 
volume covers the basic theory of electronic tubes and 
electric circuits employed in conjunction with electronic 
tubes, with emphasis on the applications in the fields 
of communication and electronic control. 


ELEMENTARY ENGINEERING THERMO- 
DYNAMICS. By V. W. Young and G. A. Young. 
Third edition. McGraw-Hill Book Company, New 
York, N. Y., and London, England, 1947. 268 pages, 
diagrams, charts, tables, 91/, by 6 inches, cloth, $3. 
As in the previous editions, the purpose is to give the 
engineering student a sound theoretical foundation for 
the study of heat and power apparatus. This revision 
embodies the changes in recent years and places greater 
stress on the application of thermodynamics to practical 
design. New material has been added on the Brayton 
cycle, and a chapter on atmospheric air and the psychro- 
metric chart is included. 


ELEMENTS OF ACOUSTICAL ENGINEERING. 
By H. F. Olson, Second edition, D. Van Nostrand 
Company, Toronto, Ontario, Canada, New York, 
N. Y., London, England, 1947. 539 pages, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $7.50. Presenting 
the principles and applications of acoustics for the 
engineer and applied scientist, this volume covers the 
important new instruments, designs, developments, 
and present-day practices of acoustical engineering. 
A large number of useful formulas, tables, and graphs 
are included. Two new chapters on underwater sound 
and super- and ultrasonics have been added. 


ENGINEERING TESTS: CIVIL, MECHANICAL 
AND ELECTRICAL. (Arco Civil Service Series.) 
By A. Liebers. Arco Publishing Company, 480 Lexing- 
ton Avenue, New York 17, N. Y., 1947. 49 pages; 
civil engineering test questions, sample examinations, 
24 pages, diagrams, tables, 101/2 by 8 inches, paper, 
$2.50. This volume presents a careful selection of 
Civil Service engineering tests with answers, for the use 
of those who wish to enter public service. The various 
types of examination questions are demonstrated, 
acceptable work methods are indicated, and sample 
examinations with the time limits are included for self- 
checking. 


ESCALATOR METHOD IN ENGINEERING 
VIBRATION PROBLEMS. By J. Morris, with a 
foreword by G. Temple. John Wiley and Sons, New 
York, N. Y., 1947. 270 pages, diagrams, tables, 81/2 by 
51/2 inches, cloth, $4.50. The escalator process, devised 
for the solution of Lagrangian frequency equations, 
makes it possible to treat a complicated system in a 
simple manner by dealing with its constituent parts. 
The solution of each of these parts is made available with 
appropriate linking co-ordinates or reactions. The 
complete system is solved in manageable form by the 
elimination of these linkages, furnishing an effective 
means for dealing with vibration problems, 
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NE of those early explorers came to 

America to find a Fountain of 
Youth. But he never found it. We, on 
the other hand, have never looked for 
a Fountain of Youth—but we have 
found one. 


The way we look at it, a company 
exists only so long as it serves the needs 
of its customers. When it falls too far 
behind, it fails. That is part of the 
American tradition of Free Enterprise. 


Kerite customers have brought their 
problems to us for 90 years. And we 
have done our best to solve them. That 
keeps us young. And it keeps our cus- 
tomers coming back. As long as people 
do bring us their problems, we have a 


Fountain of Youth. We think that is 
as it should be. We will continue solv- 
ing problems just as long as we can. 


One problem that was solved a long 
time ago was that of developing an 
insulation that would stand-up-no- 
matter-what. Mr. A. G. Day solved 
that one back in the 1860’s when he 
developed Kerite. We can show you 
samples of Kerite cable more than 50 
years old that are still in first-class con- 
dition! The Kerite we build today uses 
the same formula. It is just about the 
longest-lasting, most economical insu- 
lation around. It stays young, too! 
The Kerite Company, 30 Church Street, 
New York 7, N. Y. 


Kerite Insulation—Your Cable’s Best Life Insurance 
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The Shoemaker’s Son 
May Go Barefoot 


But when a motor manufacturer has electrical 
equipment that fails frequently because of 
high operating temperatures, he uses DC 
Silicone Insulation. Take an absorption type 
dynamometer, for example. 


PHOTO COURTESY HOWELL ELECTRIC MOTOR COMPANY 


Using a 75 h.p. frame and stator, Howell 
engineers designed and built this absorption 
type dynamometer to determine torque in 
electric motors. They chose this type of dyna- 
mometer because motors are easily hooked up 
and readings are quickly made. The idea was 
good but Class ‘B’ insulation wasn't good enough, 


Average life of the windings was limited to 2 
to 3 months and only motors of 75 h.p. or less 
could be tested without burning out the windings. 
To this practical problem the Howell engineers 
found the practical answer. After several 
failures they rewound the dynamometer with 
our Silicone (Class ‘H’) Insulation. 


Results were even better than they hoped. 
The silicone insulated dynamometer has been 
in service now for 18 months—over 6 times 
the average life of Class ‘B’ windings—and the 
insulation is still in excellent condition. Further- 
more, the dynamometer is being used to test 
motors ranging up to 150 h.p.—twice the 
previous capacity. 


That's just another one of the many field reports 
that confirm the findings of our Motor Test 
Laboratory—DC Silicone Insulation has at least 
10 times the life and 10 times the wet insulation 
resistance of Class ‘B’ under similar operating 
conditions. If you want more evidence of the 
superiority of Silicone Insulation write for 


leaflet G4AB, 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta « Cleveland e¢ Dallas 


Los Angeles 


Chicago 
New York ° 


In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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INDUSTRIAL NOTES .... 


Production Manager. Paul Meissner has 
been appointed production manager of 
Marion Electrical Instrument Company, 
Manchester, N. H. 


Chief Engineer. W. H. Rolwand was 
named chief engineer of the Babcock and 
Wilcox Company at a recent meeting of 
the board of directors of the company. 
The position is a new one created by the 
recent promotion of Alfred Iddles to the 
presidency of the company. Mr. Rowland 
will assume most of the engineering activi- 
ties previously handled by Mr. Iddles. 


Acme Manager. All transformers having 
special electrical characteristics or me- 
chanical specifications will be supervised 
by Louis S. Danko, newly appointed sales 
manager of the special products depart- 
ment of Acme Electric, Cuba, N. Y. 


Larger Plant. To increase its plant 
capacity in both working space and 
equipment, the Standard Arcturus Cor- 
poration moved into its new plant at 54 
Clark Street, Newark, N. J., on May 1. 
This move provides sufficient expansion 
space for its affiliates, Arcturus Electronics, 
Inc., the tube division; Kotron Rectifier 
Corporation, the selenium rectifier pro- 
duction division, and the Arcturus Radio 
and Television Corporation. In addition 
to the space allotted for each operation for 
present use, 450,000 square feet of addi- 
tional space is provided for future expan- 
sion. 


Marketing Manager. Taylor D. Mac- 
Lafferty has been appointed manager of 
marketing of the Trumbull Electric Manu- 
facturing Company, Plainville, Conn. 
In this new capacity, Mr. MacLafferty 
will have over-all responsibility for the 
operations of the field sales, product sales, 
marketing services, and advertising divi- 
sions of the company. 


Sylvania Appointment. Raymond K. 
McClintock has been appointed assistant 
to the chief engineer of the radio tube 
division of Sylvania Electric Products 
Inc., New York, N. Y. 


Pennsalt Salesman. John M. Davidson 
has been named Pittsburgh district sales 
representative for the special chemicals 
division of the Pennsylvania Salt Manu- 
facturing Company, Pittsburgh, Pa. 


United States Motors Promotion. Frank 
M. Mason has been promoted to the posi- 
tion of vice-president in charge of the 
Atlantic plant of United States Electrical 
Motors, Inc. Mr. Mason will have his 
headquarters at the United States Motors 
plant at Milford, Conn. 


Vice-President. Frank J. Kennedy 
manager of the engineering department at 
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the Ambridge, Pa., plant of National 
Electric Products Corporation, Pittsburgh, 
Pa., has been elected by the board of 
directors to be a vice-president of the 
corporation. 


TRADE LITERATURE 


Geiger-Mueller Counters. The Nuclear 
Development Laboratory announces a 
series of specialized Geiger-Mueller pre- 
cision counters which include: bell-type 
thin-window counters (model 87), thin- 
wall all-metal beta-ray counters (model 
BC7), and all-metal cosmic-ray counters 
(model GC7-7). Complete technical data 
are given in the company’s bulletin number 
10. Nuclear Laboratory, Post Office 
Box 7601, Kansas City, Mo. 


Fabricator Catalogue. The Wales Fabri- 
cator catalogue 70-A describes the fabricator 
which punches, notches, nibbles, bends, 
blanks, and forms and makes available 
to manufacturers of sheet metal products a 
versatility. _ Wales-Strippit Corporation, 
345 Payne Avenue, North Tonawanda, 
Ne. Y3 


Hi-meg Multitesters. Radio City Prod- 
ucts Company’s current bulletin number 
133 is devoted to a new series of ““hi-meg 
multitesters,”” the model 450 series, which 
includes six different units in open face 
models and in portable types. Series 450 
is a precision multimeter that operates 
without batteries and tubes in the high 
ohmmeter circuit. It makes resistance 
measurements of 50 megohms to 1,000 
megohms. The low ohm range uses a 
single cell battery. For complete details, 
write to Radio City Products Company, 
152 West 25th Street, New York 1, N. Y. 


Standardized Welding Gun Bulletin. 
A 12-page technical bulletin (number 
402), showing in text and _ illustrations 
how its new standardized welding guns 
are built up by combining standardized 
and interchangeable components has been 
issued by Progressive Welder Company, 
3050 East Outer Drive, Detroit 12, Mich. 


Template Catalogue. Rapidesign, Inc., 
announces a new 4-page catalogue covering 
the company’s ‘‘Time-Saver Templates.” 
Each type of template is pictured, desig- 
nated by number, and briefly described. 
A copy may be obtained by writing to 
Rapidesign, Inc., Post Office Box 592, 
Glendale, Calif. 


Pallet Handling. Bulletin. 20 pages. 
Published by the Philadelphia division of 
The Yale and Towne Manufacturing 
Company. This bulletin covers pallet 
system applications, hand lift and work- 
saver pallet truck models, and recom- 
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Is ALUMINUM new as 
a conductor material ? 


It is proved by 50 years’ 
use—on1],500,000 miles 
of high lines. 


Aluminum conductor means big savings, 
for new installations or rewiring. A 500 
circular mil cable with Alcoa E.C.* Alumi- 
num conductor, for example, is less than 
half the weight of an identical copper 
cable—and costs far less. Installation is 
easier and faster because of light weight; 


transportation costs are less. 


Hydro Station Yard line installed in 1915-—~still in service. 


ALGOA\ 


Alcoa makes light, strong, conductive 
E.C. Aluminum; leading wire and cable 
manufacturers draw, strand, insulate it, 
and sell it under their own trade marks. 
They have it now. 

ALUMINUM COMPANY OF AMERICA, 2149 
Gulf Building, Pittsburgh 19, Pennsyl- 


vania. 


*E.C.: Electrical Conductor Aluminum 


ALUMINUM 
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WAS SELECTED BY MINNESOTA 
MINING & MANUFACTURING CO. 


The Minnesota Mining and Manufacturing Company is using a General 
Electric Photoelectric Recorder in preliminary studies of new machine 
designs. Here, it is being used for recording oil pressure in evaluating 
the application of an automatic, variable-speed, hydraulic drive to proc- 
ess equipment. As a result of this study, several changes were made on 
the oil drive which enhanced its performance and life expectancy in tke 
particular application. 

y The Minnesota Mining and Manufacturing 
Co., is just one of the many users who have 
found the G-E Photoelectric Recorder useful 
in solving their problems. It is also used for 
thermocouple response tests, resistance ther- 
mometry, and general physiological research. 
In fact, its extreme sensitivity and high-speed 
response make it ideally suited to many other 
applications embracing the entire field of 
measurements. It can RECORD ANY- 
THING THAT CAN BE MEASURED by 
an indicating instrument. 


G-E High-speed 
Photoelectric Recorder 
A wide range of sensitivities (which go as low as 1.0 microamperes 
for full-scale deflection) and response speeds (as high as }. second) are 
available in the photoelectric recorder. Basic elements are interchange- 
able so that one instrument can cover a number of ranges. It is also 
available as a potentiometer recorder. Write for Bulletin GEA-2394, or 
contact your nearest G-E Sales Office and let us help you with your 
application problems. Apparatus Dept., General Electric Company, 
Schenectady 5, N. Y. 


GENERAL @ ELECTRIC 


602-124 
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TRADE LITERATURE (Continued from 


page 14A) 


mended pallet design. Bulletin P-673. 
Augmented 30-kc carrier system. Lenkurt 
type 32 carrier systems ace described in 
folder C39A. This 8-page publication 
describes the over-all system, shows the 
relationship between maximum perform- 
ance and minimum maintenance, and dis- 
plays some of the facilities behind the 
design, development, and manufacture of 
Lenkurt equipment. Particular emphasis 
is placed on the filter engineering which 
has opened up new spectrum space for 
use either as a narrow-band voice circuit 
or with a non-channel frequency-modula- 
tion or amplitude-modulation telegraph 
system specially designed for this applica- 
tion. It shows how, thus augmented, 
Lenkurt 32 carrier provides, in effect, a 
fourth channel. Lenkurt Electric Com- 
pany, 1101 County Road, San Carlos, 
Calif. ; 


Synchronous Motor Bulletin. Bulletin 
10A. Describes the precision-built type 
SX self-starting synchronous motor de- 
veloped by the R. W. Cramer Company, 
Inc., Centerbrook, Conn. 


NEW PRODUCTS ee 


Utility Tester. An iastrument which 
tests all electric circuits and appliances 
has been introduced by General Electronic 
Distributing Company, 98 Park Place, 
New York 7, N. Y. It measures the actual 
current consumption of any appliance or 
utility, either alternating or direct current, 
and will measure it while the unit is in 
operation. The reading is direct in 
amperes. Incorporates an_ultrasensitive 
direct-reading resistance range which ac- 
curately will measure all resistances com- 
monly used in electric appliances, motors. 
This range will enable continuity checks 
and tests for short circuits and open 
circuits. Will read from a fraction of an 
ohm to 25,000 ohms. The utility tester 
is housed in a rugged crackle finished steel 
cabinet, with portable cover. Test leads 
and operating instructions are furnished. 
Price $15.75. 


Servo Analyzer. The “Servo Analyzer” 
is used as an aid in the development and 
testing of servo and automatic control 
systems employing 400-cycle error measur- 
ing devices such as Selsyns or ‘‘E”-type 
pickoffs. When hooked up to a servo 
system under test, it provides response 
data which otherwise could be obtained 
only by lengthy computations or graphical 
methods. The frequency response and 
transfer function may be obtained over an 
input range of from 1 to 60 cycles per 
second. The analyzer also may be used 
to obtain the equivalent d-c transfer 
function of a-c amplifiers which include 
damping or integrating networks. Fre- 
quency control is stable and accurate to 
a fraction of a cycle per second. Flight 
Research Engineering Corporation, Post 
Office Box 1-F, Richmond, Va. 
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